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PREFACE TO THE TWENTY-SECOND 
EDITION 


IN PREPARING this edition, it has been the author’s aim to 
clarify the text and to bring it up to date. Detailed instruc- 
tions have been provided for various operations and new 
mathematical solutions have been developed. Many passages 
have been rewritten, over forty new illustrations have been 
added, and many pages of new material have been supplied. 

The first chapter is new. It covers the fundamental prin- 
ciples of the economic location of railways and highways and 
outlines the entire location procedure. It is designed to show 
the part played by each operation covered in the book. 

The new edition contains detailed directions for making a 
preliminary survey, completing the map, projecting a paper 
location, and establishing the tangents in the field. Specific 
steps are described for locating simple curves, compound 
curves, turnouts, and slope stakes, and for computing vertical 
curves, quantities, and haul diagrams. 

The new material includes the two-base method for precise 
altimetry, a discussion of the advantages and methods of 
using air mapping, a new method of completing the compound 
curve theory which eliminates the need for ‘‘method II,” the 
center-line method of staking out turnouts and yards, a new 
method of positioning turnouts on curved track, the complete 
theory of the vertical curve, an improvement in string lining, 
and a more precise statement of instrument adjustments. 

The original text has been shortened by the removal of 
paragraphs devoted to elementary surveying in the belief that 
it can be better handled and to more purpose elsewhere. 


PHILIP KISSAM 


Princeton, N. J. 
November 1948. 
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PREFACE TO THE NINETEENTH 
EDITION 


As in the Seventeenth Edition the changes in this edition 
have been so extensive as to require a resetting of the entire 
text. These may be classified as follows: 1. Minor changes 
in the subject matter; 2. A rearrangement of certain portions 
of the book; 3. The omission of certain sections, and 4. The 
addition of a large amount of new material. 

By careful selection, the net result of these changes has 
been to increase the size of the book by a few pages only. 
The needs of both the engineer in the field and the student 
have been kept in mind in the work of revision. 

It is impossible to mention all the changes from the previous 
edition, but the following will indicate the more important 
items, following the notation above. ; 

1. Every word, sentence, paragraph, section and chapter 
has been carefully considered with a view to improvement. A 
somewhat more open form of arrangement has been adopted 
in places, by the printer, thus tending to clarify. Where 
several methods of solution have been given, these have been 
separately numbered. ‘The earlier editions of this book were 
noted for thoroughness of treatment and an aim has been 
made to live up to this reputation. 

2. The chapters on Maximum Economy in Grades, etc., and 
that on Leveling have been placed towards the end of the 
volume. Some teachers do not give these chapters in con- 
nection with courses on Railroad Curves, and to practising 
engineers, this arrangement will make no material difference. 

Old Chapter XVIII, Topographical Sketching, has been 
brought forward to form part of Chapter II, Preliminary 
Survey. Likewise, old section 156, on Templets and Paper 
Location, has been placed in the chapter on Location. 

3. The Valvoid Curve has been omitted; likewise two or 
three problems of rare occurrence on Compound Curves. 

ix 
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Several engineers have told the reviser that they have been 
able to find the solutions of many special problems in this 
book, and nowhere else, consequently omissions have been 
most sparingly made. 

4. Material additions have been made to the chapters 
on Reconnaissance, Preliminary Survey, Location, Simple 
Curves, Compound Curves, Reversed Curves, Turnouts and 
Crossings, Spirals, Cross Sections, Calculation of Earthwork, 
Haul and the Mass Diagram, and Track Laying. 

It may be specially mentioned that more attention has 
been paid to: The Stadia Method of Preliminary Survey; to 
Forms of Field Notes; to the methods of locating a curve, 
where a set-up on the curve is necessary; and to Ladder 
Tracks. A somewhat more simple treatment of Compound 
Curves has been given, the original solution being retained as 
having great possibilities, and will be preferred by some. The 
use of the automatic slope rod and tape, and the cost of over- 
haul have been added. 

The treatment of the American Railway Engineering Asso- 
ciation Spiral was first given in the Eighteenth Edition. The 
method of solution is more or less original. Some of the tables 
for this curve are original. 

For the Seventeenth Edition acknowledgments are made 
to: The American Railway Engineering Association for per- 
mission to use certain material as noted in the text; to the 
late A. M. Wellington’s ‘“Railway Earthwork,” which was the 
first thorough treatment of Earthwork Diagrams; and to 
Mr. A. 8. Crandon, for assistance on the illustrations and 
computations. Other acknowledgments in connection with 
the Tables are made in Preface to Volume II. 

For the Eighteenth Edition to the American Railway 
Engineering Association for permission to use their form of 
spiral, and for Tables 46 and 49 from the Manual of Recom- 
mended Practice. 

For the Nineteenth Edition to: The American Railway 
Engineering Association; Engineering and Contracting; to 
D. L. Hussey, for assistance on the illustrations; to Profs. 
W. B. Harris and Philip Kissam of Princeton University; to 
Prof. C. T. Bishop of Yale University; and to many teachers 
and engineers for kindly advice and criticism. 

While extreme care has been exercised in proof reading both 
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the text and the tables, errors may be found to exist. Pub- 
lishers and author will appreciate a prompt notification of 
any such. 

In conclusion, the reviser would record the fact that he has 
seriously missed the guidance, help and inspiration of Mr. 
Searles in the work on the Nineteenth Edition. 

ison E 


December 1924 


- Aaryl sah, Galt pages fvqyet, 
ey Mirek 
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PREFACE TO THE FIRST EDITION 


AutHoueH the modern railway system is but about fifty 
years old, yet its growth has been so rapid, and the progress 
in the science of railway construction so great, as to render 
the earlier technical books on this subject inadequate to 
the needs of the engineer of to-day. 

In the course of his practical experience as a railway 
engineer, the author was strongly impressed with the want 
of a more complete hand-book for field use, and finally con- 
cluded, at the solicitation of his friends, to undertake the 
preparation of the present volume. 

The aim in this work has been: 

First—To present the general subject of railway field 
work in a progressive and logical order, for the benefit of 
beginners. 

Second.—To classify the various problems presented, so 
that they may be readily referred to. 

Third.—To embrace discussions of all the more important 
practical questions while avoiding matters non-essential. 

Fourth—To employ throughout the work a uniform and 
systematic notation, easily understood and remembered, so 
that after one perusal the formulas may be intelligible at a 
glance wherever referred to. 

Fifth—To express the resulting formula of every problem 
in the shape best adapted to convenient numerical compu- 
tation. 

Sizth—To furnish a large variety of useful tables, more 
complete and extended than any heretofore published, 
especially adapted to the wants of the field engineer. 

An elementary knowledge of algebra, geometry and trig- 
onometry on the part of the reader has been taken for granted, 
as a command of these instrumentalities is deemed essential 
to the education of the civil engineer. The few references 

xiii 
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to mechanics, analytical geometry, optics and the calculus 
may be assumed correct by those not conversant with these 
branches. 

Many of the problems in curves are new, yet there is 
hardly one that has not presented itself to the author in the 
course of his practice. The investigation of the valvoid 
curve is original, and though the mathematical discussion 
is somewhat difficult, yet the resulting formulas taken in 
connection with Table VII, are exceedingly simple and con- 
venient for the solution of a certain class of problems. 

(The valvoid and Table VII have been omitted in the 
present edition.) 

The treatment of compound curves is novel and exhaustive. 
A few general equations are established, which, by slight 
modifications, solve all the problems that can occur. 

No discussion of reversed curves is given, because these 
are inconsistent with good practice, except in turnouts, under 
which head they are noticed. 

The chapter on leveling includes a discussion of stadia 
measurements, with practical formulas. The chapter on 
earthwork contains a review of several methods for calcu- 
lating quantities, and states the conditions under which 
these succeed or fail in giving correct results. 

Among the tables, numbers 2, 3, 7, 26, 29, and 43 are 
original. The adoption of versed sines and external secants 
throughout the work, wherever these would simplify the 
formulas, rendered necessary the preparation of tables of 
these functions. The table of logarithmic versed sines 
and external secants has been computed from ten-place 
logarithmic tables of sines and tangents, so that the last 
decimal is to be relied on, and no pains have been spared to 
make the table thoroughly accurate. 

Tables numbers 1, 4, 5, 6, 8, 9, 14, 22, and 30 have been 
recalculated, enlarged, and some of them carried to more 
decimal places than similar tables heretofore published. The 
intention has been to give one more decimal than usual, so 
that in any combination of figures the result of calculation 
might be reliable to the last figure usually required. 

The tables which have been compiled and rearranged are 
numbers 15, 16, 17, 24, 25, 41, 42, and 44. The tables of 
log sines and tangents here given are the only six-place tables 
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which give the differences correctly for seconds. The table 
of logarithms of numbers is accompanied by a complete 
table of proportional parts, which: greatly facilitates inter- 
polation for the fifth and sixth figures. 

Tn all the tables, whether new or old, scrupulous care has 
been taken to make the last figure correct, and the greatest 
diligence has been exercised by various checks and compari- 
sons to eliminate every error. It is, therefore, hoped and 
believed that a very high degree of accuracy has been obtained, 
and that these tables will be found to stand second to none 
in this respect. 

The preparation of this work has extended over several 
years, as time could be spared to it from other engagements. 
It is, therefore, the expression of deliberate thought, based 
on experience, and as such is submitted to the judgment of 
brother engineers. If it shall prove to have even partially 
met the aim herein announced, and so shall serve to smooth 
the way of the ambitious student, or to assist the expert 
in his responsible duties, the labors of the author will not 
have been in vain. 

Wo. H. Suaruzs, C.E. 

New York, March Ist, 1880. 
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CHAPTER I 


THE LOCATION OF A TRANSPORTATION LINE 


PRELIMINARY CONSIDERATIONS 


1. The decision to build and the inception of the loca- 
tion precedure. The most important question, when the 
construction of a transportation. line is considered, is whether 
or not to build the line at all. This can sometimes be answered 
by a short investigation of general conditions; sometimes the 
answer must await the completion of part of the engineering 
surveys, and sometimes it cannot be answered. until the con- 
struction is actually under way. When an investigation indi- 
cates a possibility that the line should be built, the location 
procedure is commenced. It is continued until the line ig 
completed and in operation, unless stopped at any time by the 
exhaustion of available funds or by the accumulation of data 
that indicate that. the costs will outweigh the advantages. 

2. Location procedure. The object of the location pro- 
cedure for a transportation line is, of course, to find a route 
that will bring the greatest return for the minimum over-all 
expenditure. The method used-is much the same, however 
questionable or obvious the advantages of the project may 
appear and whatever type of transportation service is in- 
volved. The same location methods can be applied to a rail- 
road, a highway, a pipe line, a canal, or nearly any other type 
of transportation. Owing to the extensive use and rigid re- 
quirements of railroads and highways, the art of location has 
been perhaps more highly developed for them than for the 
other types. The techniques used for them, therefore, have 
come to be recognized as models for other types, and they are 
easily adapted to the particular type required. 

Railroad and highway location methods parallel each other 
until the subgrade is ready for the track or pavement. Even 
at this point they differ only in form. Although track align- 
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ment must be more nearly perfect than pavement alignment, 
track may be continually adjusted, whereas pavement must 
be placed permanently, and accordingly equal care is usually 
given to both. Track accessories, such as switches, sidings, 
cross-overs, and yards, ada further details to railroad location 
not required for highways, but complicated highway intersec- 
tion designs present the same type of difficulties as railroad 
track problems, and they are solved by the same methods, in 
fact, by nearly the same formulas. 


RAILROAD LOCATION 


3. Railroad location outlined. The basic problem of 
railway location is the selection of two termini between which 
at least sufficient traffic will flow to pay for the railroad service 
and to earn a profit. Second in importance is the choice of as 
many major way points as can be found which will materially 
increase the traffic volume. The engineer’s chief problem is to 
find a route, connecting as nearly as possible the centers of 
population of these termini and way points, over which a 
railroad can be built that will carry the expected traffic. His 
choice of route must be such that the interest on the invest- 
ment plus the cost of operation will be a minimum and the total 
cost of building the railroad and of inaugurating service will 
not exceed the available funds. 

In his choice of the route, the engineer directly controls the 
cost of the acquisition of right of way and the cost of construc- 
tion. In his choice of rates of grade, the engineer controls 
the cost of hauling traffic. As the cost of construction must 
usually be increased in order to reduce the cost of hauling 
traffic, and vice versa, the engineer is continually required to 
make economic comparisons between the advantages of each. 
The costs of property acquisition and of construction vary 
directly with quantity. The cost of hauling traffic obeys the 
rather unusual laws outlined in the next, section. 

4, The cost of hauling traffic. The cost of hauling traffic 
is almost directly proportional to the number of trains re- 
quired. Accordingly, the longer the trains, the less the opera- 
tion costs. Train resistance is, therefore, of great importance. 
The values of the main sources of train resistance are given 
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here in approximate per cents of the weight of the train: 


1. Friction of rolling stock 0.3% 
2. Curve resistance per degree 0.04% 
3. Grade resistance Equal to the rate of grade 


For example, if a train were moving on a 5° curve (radius 
1150 ft, see Table I in Part II) and up a 1.5% grade, the 
resistance per ton would be the following: 


1. Friction of rolling stock 6 lb 
2. Curve resistance 4 lb 
3. Grade resistance 30 Ib 


Note. This subject is covered fully in Chapter XVIII. 

It is clear that the one section of track where the combined 
curve and grade resistance is maximum will control the length 
of trains for the entire engine stage. As such a section is 
usually on a grade, it is called the ruling grade. It is also 
clear that the other curves and grades on the engine stage have 
little effect on the cost of operation. It is true that the com- 
bined effect of these minor resistances increases the cost of 
operation, but their effect is slight in comparison with that 
of the ruling grade. 

The topography, of course, generally controls the ruling 
grade. But, by proper selection of route, some steep grades 
can be eliminated, and others can be collected in one section 
of the line where a pusher engine can be used economically. 
Isolated steep grades or sharp curves whose high resistance 
might limit the length of trains should be avoided. They can 
nearly always be eliminated by slight changes of route or by 
additional cut or fill, Extra expenditures of this sort are 
usually not only justified but are essential. 

5. The steps in the solution of a railroad location 
problem. A location problem is always solved by successive 
approximations. The procedure is indicated by the steps 
listed below. They are usually followed where the topography 
chiefly controls the location. In easy country where the 
problem is very simple, in densely populated areas where the 
position of the line is rigidly controlled by property values, 
or where very few possible locations exist, the process can be 
much curtailed and several of the steps listed can be com- 
bined. 
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1. The termini are selected. 

2. A reconnaissance of area is made to discover the possible 
way points and all possible routes. 

3. A reconnaissance of line is made along the possible routes 
to determine which offers the greatest advantages. The results 
of this survey determine the general route and the ruling 
grades and, therefore, indicate the line for which an accurate 
map must be made. The data obtained must include the 
approximate elevationsand theapproximate distances between 
governing points, which are points that can be connected by 
uniform grades. 

4. The preliminary survey, which follows, must result in a 
strip map so placed that its center lies as nearly as possible 
along the center line of the final location. The engineer is 
guided in the details of his choice of the strip of ground to map 
by the uniform grade established by the reconnaissance for 
line. He follows ground that rises or falls at the predetermined 
uniform grade. The map usually includes 5-ft contours, prop- 
erty lines, highways, streams, and all items that affect the cost 
of construction. 

5. Paper location. After the positions and elevations of the 
governing points are established on the strip map, the grade 
contour is drawn. A grade contour is a line which follows the 
uniform grade along the ground surface represented. To this 
is fitted a series of circular ares and straight lines which repre- 
sent the curves and tangents of the projected center line of the 
railroad. By fitting them as closely as possible to the grade 
contour, a location is obtained that has nearly a minimum of 
cut and fill. 

6. The preliminary location survey consists of establishing 
true tangents and curves on the ground where indicated by the 
projected location on the map. By careful field measurements 
based on this line, the quantities of cut and fill are determined. 

7. The final location survey consists of adjusting the loca- 
tion line so as to reduce cut and fill and other items of cost. 

8. Construction. The engineer gives line and grade in detail 
for construction. He must see that the work is completed ac- 
cording to plan, and he must measure the work completed each 
month to determine the monthly payments to the contractor. 

9. Track. Finally, the track, including main line, switches, 
and yards, is staked out and built. 
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HIGHWAY LOCATION 


y 

6. Highway location outlined. The basic problem of 
highway location is to recognize a route where present high- 
way facilities are inadequate. Various types of traffic cen- 
suses are one of the means to this end. Actual traffic counts 
and origin-destination surveys are essential. The justification 
for the new highway and the type to be constructed should 
usually be based on the value of the estimated vehicle-hours 
and vehicle-miles saved per year. Although the point is 
highly debatable, it is here assumed that the general increase 
in real estate values, the net improvement to near-by real 
estate, the social advantages, the scenic values, the net direct 
and indirect taxes gained by the state, and other economic 
effects of highways are, in the long run, measurable in the 
actual use of the highway by vehicles. To compute the say- 
ings the estimated future number of vehicles should be used, 
and the estimated time and distance over the new route 
should be compared to that of any existing means of making 
the same trip. 

The vehicular speed desired and the probable volume of 
traffic determine the details of design. These include the 
arrangement of traffic lanes and shoulders, sight distances, 
maximum degrees of curvature, maximum grades, and devices 
used for crossings and interchange. 

The engineer’s chief problem is to find a route over which 
such a highway can be built with the funds available. The 
choice of route must be decided by a comparison between the 
savings due to reduced distance and time of travel and the 
extra costs of interest and maintenance. 

Since highway vehicles can traverse 4% grades with little 
reduction in speed and can negotiate 7% grades safely except 
in unusually bad weather, grades are of much less consequence 
in highway than in railway location. Also, in highway opera- 
tion, there is nothing comparable to the railway ruling grade. 
Accordingly, except to avoid driver surprise, there is no eco- 
nomic advantage in grouping steep grades in one locality. 
The chief criterion for the selection of curves and grades is the 
comparison between the cost of reducing the curvature or the 
rates of grade and the value of the vehicle-hours and vehicle- 
miles saved by such a change. 
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Owing to the flexibility in the use of grades, the location of 
a highway is frequently decided by the cost of right of way. A 
large proportion of highways, therefore, must follow old roads 
with only minor changes in alignment. In these instances, the 
location is simplified in geheral although it is complicated in 
detail. It is often possible, therefore, to combine several of 
the nine steps described for railway location. For example, 
reconnaissance for area and reconnaissance line are often 
cursory—a mere choice between existing routes, the prelimi- 
nary survey can be omitted, and the map data can be surveyed 
from the preliminary location line. On the other hand, any 
necessary change in alignment often requires a much more 
detailed survey and a more careful estimate of cost than an 
entirely new location, as it frequently involves the purchase 
of more expensive real estate and the construction of excep- 
tionally costly facilities. 

When a highway is laid out over a new route where land 
values are comparatively low, the location procedure is nearly 
the same as that for railroads. 


SCOPE 


7. The scope of the problem. It is evident from the 
foregoing paragraphs that the successful location of a trans- 
portation line is a grave and difficult problem requiring a 
fundamental understanding of economics, a thorough knowl- 
edge of the type of transportation to be located, complete 
data on possible revenues and costs, and many years’ experi- 
ence in the operation of similar systems. It has been outlined 
here not as a text for the locating engineer but in order to 
demonstrate the relation of field practice, which is covered in 
this text, to the general location problem. 


CHAPTER II 
RECONNAISSANCE 


8. Reconnaissance. The reconnaissance survey is by far 
the most important part of location engineering. On it de- 
pends whether or not the best line is discovered. The loss 
occasioned by the selection of the second best route may 
reach large figures, cause the failure of the railroad, or prevent 
the completion of the highway. The reconnaissance must, 
therefore, be performed by the chief engineer im person. At 
the outset the engineer must collect all the topographic data 
available for the area in question. These include existing 
maps, survey control, aerial photographs, land values, and 
evidence from persons familiar with the area. He must make 
a rough survey of the area himself, become familiar with the 
arrangement of the drainage system, and know the position 
and elevation of every saddle that might provide a connection 
between one drainage system and the next. Even if good 
maps and aerial photographs are available, it is often desirable 
to prepare a map on a scale of 1 or 2 in. to a mile, on which 
are drawn the principal features of the country to be traversed, 
such as streams, roads, towns, and the principal ridges, if 
known, but on which the further details are left to be filled 
in by the engineer as he progresses. Such a map furnishes a 
correct scale for his sketches, and saves much valuable time, 
as he has only to sketch what the map does not contain, and 
occasionally make corrections when he finds the map to be in 
error. He also notes on the map the governing points of the 
route, such as the best crossings of streams, ridges, or other 
roads, and any point where the line will evidently be compelled 
to pass. He may then indicate the route by a dotted line on 
the map drawn through the governing points. Having 
traversed the route in one direction, he should retrace his 
steps, verifying or correcting his observations, and making 

Uf 
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such further notes as seem important. In a densely wooded 
country with but few openings it may be impossible for him 
to get a commanding view from any point that will afford 
him the necessary information as to the general topography. 
He must then depend largely on instrumental observations, 
taking these more frequently and noting carefully all details 
likely to prove useful in future surveys. 

Country such as swamps and thickly wooded districts, 
which are physically difficult to traverse, may unduly preju- 
dice the observer in his conclusions. He should remember 
that construction will eliminate these inconveniences. 

The engineer should not only seek the best ground on the 
route first assumed, but also have an eye open to all other 
possible routes, holding them in consideration pending this 
accumulation of evidence, and being ready, finally, to adopt 
that one which promises the greatest ultimate economy. He 
should be able to read the face of the country like a map, 
and to carry in his mind a continuous idea or image of any 
line he is examining, so as to judge with tolerable accuracy 
the influence any one portion of the line may have on another 
as to alignment and grade, even though many miles apart. 
In the successful prosecution of a reconnaissance he must 
depend mainly on his own natural tact and a judgment 
matured by experience. 

9. Conclusion. ‘The reconnaissance furnishes information 
for the general direction which the proposed line of road will 
take, with an idea of the length of line and the probable grade. 
Any serious mistake which is made in reconnaissance will be 
difficult to remedy as time goes on. 

The reconnaissance survey can be divided into two parts, 
reconnaissance for area and reconnaissance for line. 

10. Reconnaissance for area. Reconnaissance for area 
has three forms, as follows: 


1. Reconnaissance along a watercourse. 

2. Reconnaissance crossing the general direction of the drain- 
age. 

3. Reconnaissance for a mountain route. 


11. Reconnaissance along a watercourse. A line run- 
ning along a watercourse is most easily located. In this case 
the choice is to be made merely between the two banks of the 
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stream or between keeping to one bank continuously and mak- 
ing occasional crossings. When the stream is small, it will 
usually be found best to cross it at intervals, the advantage of 
direct alignment outweighing the cost of bridging; when the 
stream is of considerable size, the solution of the problem is 
not so obvious, but requires a thorough comparison of results 
in the two cases to determine whether it should be crossed or 
not. In the case of the larger rivers, crossing may be out of the 
question. 

When there is a choice of sides, the engineer should traverse 
both banks on reconnaissance, and, while examining the one 
side in detail, he should take a general and comprehensive 
view of the other. Only thus can he gain a complete knowledge 
of either side. The points to be considered are the relative 
value of the property on either side, the number and size of 
tributary streams and the probable cost of crossing them, the 
cost of earthwork as affected by the amount and character 
of the material to be removed and the liability to landslides, 
the amount and degree of curvature required, and the prob- 
able revenues which the road can command. If after these 
points have been considered one bank of the stream appears 
to be more advantageous all the way, the solution to the 
problem is obvious. If, however, the greater advantages are 
found on either bank alternately, as usually happens, the 
propriety of bridging the stream, along with the costs and 
advantages, must be considered as an additional factor. 

In selecting stream crossings, the engineer should consider 
not only the height of the bank but also the character of the 
bottom, its suitability for foundations, and its liability to be 
washed by the current. He should observe the direction and 
force of the current and its behavior during freshets and ascer- 
tain the extremes of high and low water if possible. An approx- 
imate estimate of the cost of bridging may be made. Where 
the located line follows the meandering of a stream more or 
less closely, it is called a valley line. 

12. Reconnaissance crossing the general direction of 
the drainage. When no watercourse exists along which the 
road may be located, the difficulties of selecting a route are 
increased, and these usually become greatest when the streams 
are found to run about at right angles to the direction of the road. 
Valleys and ridges are to be crossed alternately, which in- 
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volves the necessity of ascending and descending grades, 
diverts the road from a straight line, and increases the distance 
and curvature. The engineer must seek the lowest points on 
the ridges and the highest banks at the stream crossings, in 
order to reduce as much as‘possible the total rise and fall, but 
these points must be so chosen that they may be connected 
by a grade not exceeding the maximum which may be allow- 
able. The intervening country between summit and stream 
must usually be carefully examined, even on reconnaissance, 
to determine where the assumed grade will find sustaining 
ground at a reasonable expense for earthwork and right of 
way. A line located thus is called a cross-country line. 

13. Reconnaissance for a mountain route. In moun- 
tainous country it is often difficult to project a line in an 
absolutely forward direction. In such a case, one of three 
devices must be used. 

(a) There must be an increase in length of line so as to 
reduce the ruling grade. This is called “development.” At 
many points the direction traversed may be directly opposite 
to the general direction of the route. 

(6) Switchbacks may be employed. Here the train after 
proceeding a certain distance is stopped, a switch is thrown 
behind it, and the train is backed up a branch of the switch- 
back. A second switch is then thrown in front of the train, 
and a forward movement is made along another branch of 
the switchback. These backward and forward movements 
alternate until the desired elevation is reached. 

(c) In the process of development it is sometimes necessary 
for the line in doubling back to cross itself at a different level. 
To accomplish this a bridge or a tunnel may be used. Such 
a location is a “loop” or a “‘spiral.”’ 

14. Reconnaissance for line. After the reconnaissance 
for area has been completed, it may then be necessary or 
desirable to obtain more accurate information of one or more 
narrow belts of country. This may be termed reconnaissance 
for line. The most important point in the location of any road 
is the grade which can be obtained. The possible grade 
depends on the length of line and the difference in elevation 
of the termini. In order to find the distance between the 
termini, the directions and lengths of the various courses must 
be measured. 
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15. Reconnaissance instruments. Certain hand instru- 
ments are used for reconnaissance. They are the following: 


. The prismatic compass. 

. The passometer, pedometer, or odometer. 

. The pedograph. 

. The hand (or Locke) level. 

. Field glasses or a telescope. 

. The aneroid barometer (or altimeter). 

. Portable astronomical instruments (occasionally used in 
unsettled country). 


SIO OP WD 


The prismatic compass is a portable instrument with fold- 
ing sights, with which the bearing to an object may be read 
at the same instant the object is observed. The bearings are 
read on a floating card, graduated and numbered from zero 
to 360°, so that no error can be made in substituting one 
quadrant for another. The instrument may be held freely 
in the hand while an observation is being made, al- 
though better results will be obtained if it is given a firm 
rest. 

The passometer records the number of steps in the course. 
This number must be multiplied by the average length of step 
in order to get the length of course. The pedometer is sup- 
posed to be adjusted to length of pace of the user, and consequently 
will give the length of the course. The odometer is attached to 
the wheel of a vehicle and gives distances very accurately. 
However, the use of the odometer is often questioned, since it 
is believed that with it a line is often traversed which does 
not follow the best general route. 

The pedograph consists of a compass and a reel of expenda- 
ble thread. The thread is tied to some object so that, as the 
observer walks along, the thread is drawn out. The thread 
turns a pulley which rotates a friction wheel. The friction 
wheel rotates and moves lengthwise a cylinder carrying sketch 
paper. The angle of the friction wheel controls the relative 
rotation and lengthwise movement. ‘The angle of the wheel 
is set by a “lubber line” on the compass, so that a course is 
plotted on the cylinder in the direction relative to the position 
of the lubber line. If the observer follows courses at which he 
sets the lubber line, the traverse he covers will be plotted on 
the cylinder. 
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The Locke level is a portable instrument in which the bubble 
and the observed object may. be seen at the same moment. 
It enables the operator to keep the instrument horizontal 
while holding it in the hand like an ordinary spyglass, to 
define rapidly all visible points of the same elevation as his 
own, and to estimate from these the relative height of other 
points. It may be used in a variety of ways for reconnaissance 
where no great precision is required and where a more elaborate 
level is not at hand, 


BAROMETRIC LEVELING ! 


16. The altimeter. The modern aneroid barometer, usu- 
ally called an altimeter when graduated in feet, is a light porta- 
ble instrument which indicates barometric pressure. It will 
show changes in barometric pressure as small as that caused 
by the change of elevation of 1 ft. It is operated by a closed 
cell from which most of the air has been exhausted and which, 
therefore, expands and contracts with slight changes in air 
pressure. The very slight movements of the cell are indicated 
through a chain of mechanism by comparatively large move- 
ments of a pointer around a dial. The position of the pointer 
for a given air pressure is not always the same but changes very 
slightly with the temperature of the instrument, the effect of 
hysteresis, and certain unaccountable movements here called 
swing. 

In good modern instruments the effect of temperature 
seldom extends over a range of more than 2 or 3 ft of altitude. 
If very precise readings are required, the temperature of the 
instrument should be taken while it is being read and the 
reading corrected according to the instrument temperature 
calibration. The effect of hysteresis is negligible except when 
changes of pressure occur at rates only attainable in an air- 
plane. The swing movements are usually not greater than 
2 or 3 ft. But there is no proper way to correct for them. 
If desired, their effect can be reduced by comparing different 
altimeters at 3- or 4hour intervals and assuming that any 
swing differences are proportional to elapsed time. 


1 This section is chiefly based on research by Philip Kissam sponsored 
by Wallace and Tiernan Products, Inc., Belleville 9, N. J. ., and first pub- 
lished in “Photogrammetric Engineering,” Jan., Feb., Mar. 1944, 
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In use the altimeters should be protected from vibration 
and temperature extremes. They should be kept level when 
read to avoid errors from friction and unbalanced parts. 

17. The relation between barometric pressure and 
altitude. The difference between the unit atmospheric 
pressures at two elevations must be equal to the weight of a 
vertical column of air of unit cross section extending between 
them. Accordingly, since the reduction of pressure upwards 
along the column is equal to the weight of air left behind, the 
rate of reduction in pressure per unit increase in height, at 
any point in the column, is the weight of a unit volume of air 
at that point, 


d I 
= =w or dh= =p (1) 
where p = pressure 
h = height 


w = weight of air per unit volume 


In surveying altimetry, the content of the air, the tempera- 
ture, and the force of gravity are assumed to be constant 
throughout the column. Under these conditions the unit 
weight of the air is a function of the Proaue, as air obeys 
Boyle’s law with negligible error. 

By Boyle’s law 

Wo W wo Pp 
where 70, vo, and wo are known values, respectively, of pres- 
sure, volume, and the weight of a unit volume of air. 


Substituting for 1/w in equation 1 
d 
A Na 

wo Pp 


Integrating from po to p gives 


1 1 
pv = powo and Peres E9 or aa sabeget 


h= Festal 15 p— loge po) 
Wo 


or 
0 Po 
a PD og)? (2) 
Wo Pp 
where h is the height from a point in the column where the 
unit weight of air is wo and the pressure is po, up to a point in 
the column where the pressure is p. 
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To implement this equation the Smithsonian Institution 
publishes a table, Table 61, Smithsonian Meteorological Tables 
1931, which give values for h in terms of feet based on the 
following: 


po = 29.900 in. of mercury (standard for sea level) 
wo = the best value obtainable for: 


1. Dry air. 

2. Pressure, 29.9U0 in. of mercury. 

3. Temperature, 50° F. 

4. Gravity at sea level at latitude 45°. 


If all the constants involved including the modulus of com- 
mon logarithms are combined, the working formula used to 
compute the table becomes 


29.9 
F = 62583.6 log — 


(3) 


where F is in feet above the point where the pressure is 29.9 in. 
of mercury and B is the observed pressure in inches of mer- 
cury at the upper point. Values are given at intervals of 
0.01 in. from 12 to 30.90 in. 

18. The calibration of an altimeter. A surveying al- 
timeter is calibrated by exposing it to measured barometric 
pressures, and marking the corresponding positions of the 
pointer with the computed values in feet, usually in accordance 
with the Smithsonian Table. 

19. Field corrections. When the altimeter is used in the 
field, the atmosphere seldom has the value of wo that was used 
in computing the number of feet for calibration. When accu- 
racy is desired, therefore, corrections must be made for the wo 
value encountered. The temperature and moisture content 
can be measured by wet- and dry-bulb thermometers and the 
value of gravity estimated from the altitude and the latitude. 
Chart I,! which is entered with these data, gives the corre- 
sponding corrections to be applied to the readings when the 
altimeter is calibrated according to the Smithsonian Table. 

20. Changes in barometric pressure. Barometric pres- 
sures change rapidly and irregularly at any one place, as 
cyclones and anticyclones pass by. The effect of these changes 
on altitude measurements can be eliminated by stationing an 


1¥From ‘‘Photogrammetric Engineering,” Vol. X, No. 1, in article by 
Philip Kissam entitled ‘‘Precision Altimetry.” 
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altimeter at a known elevation and recording its indications 
at frequent intervals while a second altimeter is being used to 
find elevations. The difference between simultaneous read- 
ings of the two instruments, when corrected according to the 
chart, is applied to the known elevation to find the required 
elevation. 

21. Wind. A barometric gradient may exist between two 
places at any time. It is always accompanied by a wind blow- 
ing somewhat at right angles to the gradient and with a force 
which is approximately a function of the steepness of the 
gradient. Also, when the wind is blowing, large and small 
topographical features create widespread and local eddy cur- 
rents which form pockets of barometric irregularity. Accord- 
ingly, it is impossible to use barometric leveling successfully 
in a strong wind. It has been found, however, that winds of 
10 mph or less cause negligible errors in even the most precise 
work. 

22. The two-base method.! The most accurate and one 
of the simplest methods of barometric leveling is known as the 
two-base method. An altimeter is stationed at each of two 
known elevations, preferably one above and one below the 
range of points where elevations are to be obtained. Two 
elevations can then be determined for every point, by the 
altitude differences from the upper and the lower bases, 
respectively. Except for minor irregularities of the instru- 
ments, any difference in the two elevations, thus determined, 
is due to the temperature and composition of the air and the 
force of gravity having values that combine to give a wo that 
is not the same as that used in the calibration of the instru- 
ments. 

From equation 2 it is evident that h bears a straight line 
relationship with wo, and, hence, if the value of wo is assumed 
to be momentarily the same throughout the area surveyed, 
the difference between the elevations can be adjusted in pro- 
portion to the altitude differences. 

This method eliminates the necessity for measuring the 
temperature or the moisture content of the air, or for using a 
correction for gravity. It, in fact, measures the effect of wo 


1See also Technical Publication 251, Wallace and Tiernan Products, 
Inc., Belleville 9, N. J. The use of two bases was first suggested by 
G. K. Gilbert in the annual Report of the Director, “U. 8. Geological 
Survey,’ 1880-81. 
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directly at the moment of observation, eliminating any uncer- 
tainty of estimation. By using two determinations of each 
elevation, the advantage of an average is also obtained. 


‘ 
FIELD ALTIMETRY 


23. Field procedure for barometric leveling. The two- 
base method is here given in detail. Other methods are out- 
lined. It is thought that with one detailed procedure before 
him, the engineer can establish his own procedure for other 
methods in accordance with the problem in hand. 

24. The two-base method. Using good altimeters, this 
method gives elevations within 1 or 2ft. It is suitable for the 
control of an aerial survey for mapping 10-ft contours or for 
5-ft contours when combined with spirit leveling as described 
under aerial mapping. Other uses requiring less accuracy re- 
quire less rigid specifications. 

The chief restrictions are the following: The wind velocity 
shall not be greater than 10 mph, the area covered shalt not 
be greater than 20 miles square, and the elevation range shall 
not be greater than 200 ft. (Wider limits can, of course, be 
used, but with a corresponding reduction in accuracy.) 

An altimeter is located at each of two base stations at known 
elevations, preferably one below and one above the range of 
elevations to be determined. ‘They should be located near the 
center of the area to be covered, in the shade, and read every 
2 minutes. Frequent instrument temperatures must some- 
times be determined. 

While the base instruments are in operation, any desired 
number of field observers can be at work. Each field observer 
should have two altimeters. Both instruments should be 
read at every field station. Five readings of each instrument 
should be made at intervals of 2 minutes. The instrument 
temperature should be determined. 

For each field station the five readings of each of the instru- 
ments are averaged. The five readings made at the corre- 
sponding times at the base stations are then selected and 
averaged. The instrument corrections are applied to the 
averages. Two altitude differences will result, one from the 
upper base and one from the lower base. The application of 
these differences to the elevations of the bases results in two 
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elevations for the field station. These are adjusted in propor- 
tion to the altitude differences. 

This procedure eliminates the necessity for any correction 
caused by variations in unit weight of air, that is, corrections 
for temperature, humidity, altitude, and latitude; it eliminates 
the uncertainty of these corrections and further increases the 
accuracy by providing four readings for each observation. 

25. Instrument corrections. Usually instrument correc- 
tions can be neglected as they are so small. For high accuracy 
they must be included. They are: 

1. Correction for temperature. Instrument readings are cor- 
rected for instrument temperature by means of the calibra- 
tion chart furnished with the instrument. 

2. Correction for swing. The index correction of each instru- 
ment with respect to any one instrument (usually a base 
instrument) should be determined just before and just after 
the field observations. The index correction applied to any 
reading is interpolated between the two index corrections 
observed, in relation to elapsed time. 


Reading R, 3188 


ZZ Elev-s 274.9 


Upper Base 







a,=R,—R,=92.7 


ae A,=Elev..—a,=182.2 Reading R, 226.1 


a,t+a, 





e,=E =37 
E=4,-A,=83 Field Station 

ey as ey 
arb eg =46 OaN ‘ 
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Reading R, 108.6 


7 Rs 
Lower Base 
Final Elevation 
A, 173.9 A, 182.2 
te, 46 Ce srl, 
178.5 << Check —> 178.5 
Fia. 1. 


26. Illustrative example. The example given is illus- 
trated in Fig. 1. The example consists of the determination 
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of the altitude of a single field station. The lower base has 
an elevation of 56.4 ft. The upper base has an elevation of 
274.9 ft. The computation is illustrated. The readings shown 
are averages with the instrument corrections applied. 

27. The one-base méthod. The same field procedure is 
followed as for the two-base method, except that only one 
base is used and dry- and wet-bulb temperatures are taken at 
frequent intervals at the base station and during the readings 
at the field station. Only one field instrument is used by 
each observer. 

After the instrument corrections are applied, the method 
results in an altitude difference. This must be corrected for 
unit weight of air by use of the chart. The corrected difference 
applied to the base elevation gives the desired elevation. 

28. Single-altimeter method. The single-altimeter 
method can never be very accurate, and, therefore, all instru- 
ment corrections are negligible. Air temperatures should be 
taken and the chart used by correcting readings for air tem- 
perature at average humidity only. No other corrections need 
be applied. 

The altimeter should be read at known elevations as often 
as possible. An index correction should then be computed for 
each field station based on the index corrections observed at 
each known elevation and interpolated according to elapsed 
time. 


Example. 
Known Corrected Index Final 
Station Elevation Time Readings Correction Elevation 
B.M. 1 560.7 8:00 A 710.7 — 150.0 
Field A 9:00 A 420.0 — 160.0 260.0 
Field B 10:00 A 970.0~ —170.0 800.0 
B.M. 2 1000.2 12:00 N 1190.2 —190.0 


CHAPTER III 


THE PRELIMINARY SURVEY AND! 
PROJECTING LOCATION 


29. A preliminary survey consists in an instrumental ex- 
amination of the country along the proposed route, for the 
purpose of obtaining such details of distances, elevations, to- 
pography, etc., as may be necessary to prepare a map and 
profile of the route, make an approximate estimate of the 
cost of constructing the road, and furnish the data from which 
to locate the line definitely, if the route should be adopted. 
The survey is more or less elaborate, according to circum- 
stances. If the country is new, or the reconnaissance has been 
incomplete, or if several routes seem to offer almost equal 
inducements, the survey will have some of the characteristics 
of a reconnaissance and will be made more hastily than if only 
one route is to be examined, and that route, perhaps, present- 
ing serious engineering difficulties. The survey is made as 
expeditiously as possible, consistent with general accuracy, 
but should not usually be delayed for the sake of precision in 
matters of minor detail. 

The majority of preliminary surveys in the United States 
are made by the two-instrument method, although there is a 
tendency towards use of the stadia. The term “two instru- 
ment?’ method arises from the fact that the two principal sur- 
veying instruments used are the transit and the level. 

30. Preliminary survey procedure. The preliminary 
survey is controlled by a single continuous open traverse 
established by the transit party and a profile run over it by the 
level party. The topographer or a topographic party maps the 
topography and culture by measurements from this control. 
This procedure is somewhat altered when the preliminary 
survey is to be mapped from the air. See section on aerial 
mapping. 

19 
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31. The traverse. The traverse is placed as nearly as pos- 
sible along the route of the final location line by running from 
one governing point to the next and keeping the line approxi- 
mately on the established grade between them. It is perma- 
nently marked in the fieMl by a hub and guard stake at each 
of the angle points, which are the instrument positions, and 
by a long stake at each of the stations. The stations are set 
at intervals of 100 ft, measured continuously from the begin- 
ning, along the entire traverse. The angle points do not 
interrupt the stationing. The distance from the previous sta- 
tion to an angle point is recorded, and the next station is set 
by measuring forward the remainder of the 100 ft. Stations 
are numbered consecutively from the beginning point which 
is called station 0. The positions of the intermediate points 
along the traverse, including the angle points, are given by 
their “plus” which is the distance from the last previous sta- 
tion. For example, an angle point 82.6 ft beyond station 11 
would be called 11+82.6, and it would be 1182.6 ft. from 
station 0. Station 12 would be set 17.4 ft beyond the angle 
point. The total distances between angle points are the 
lengths of the courses. They must be found by subtracting 
the plus of the angle point at the beginning of the course from 
the plus of the angle point at the end of the course. The + 
mark placed between the station number and the plus has 
come to indicate that all positions on the traverse are measured 
from a common point of beginning. Stations, therefore, are 
usually marked thus, 11-++00 or 11+0 (for station 11). The 
form of traverse notes is shown in Fig. 2. 

32. Accuracy. The accuracy required is very low—only 
that necessary for mapping. One part in 300 is high enough. 
One part in 2000 is usually attained. Blunders, of course, will 
cause great difficulty and serious loss of time. 

33. Angle measurement. Traverse angles are usually 
measured with a transit. They are then recorded by deflection 
angles, by clockwise angles turned from the backward direc- 
tion to the forward direction, or by compass bearings alone. 
Angles should be doubled to avoid blunders. The measured 
compass bearing of the first course should be assumed to be 
correct, and thereafter the computed bearings should be calcu- 
lated from the angles measured. The computed bearings 
should be checked against the actual compass bearings to 
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avoid blunders. When traverses are run near railroad tracks 
or other sources of serious local attraction, the bearings 
should be checked by sun observations. The solar attachment 
is excellent for simplifying these observations. When a 
traverse runs east or west, the magnetic or solar bearings must 
be corrected for the convergence of meridians which is equal 
to the difference in longitude multiplied by the sine of the 
latitude. 

There are many advantages in using a compass instead of a 
transit. It is light and easy to use, errors cannot accumulate, 
and with it the line can be carried past obstacles with ease. 
Both backsights and foresights should be recorded. 

34. Distance measurement. Distances should be meas- 
ured with a steel tape graduated throughout its length. The 
100-ft end should be kept forward. Stations should be aligned 
by the rear tapeman by eye. Pluses to angle points are cus- 
tomarily measured to the nearest foot. 

To avoid blunders in measurement at angle points, the 
following procedure is recommended. As soon as the plus is 
determined, the tape should be laid down on the ground. The 
rear tapeman should then go forward and hold the tape gradua- 
tion at the hub that corresponds to the plus of the hub. The 
head tapeman can then set the next station at the 100-ft mark. 
Finally, the tape should be stretched between the two sta- 
tions on either side of the hub while a third member of the 
party holds the tape on the hub and notes the plus. This 
check is, of course, approximate. 

The tapeman must take the greatest care to avoid blunders 
in marking the stations. Most errors in measurement occur 
because two stations have been given the same number or a 
station has been omitted. To stop the head tapeman, in- 
stead of calling “chain,” the rear tapeman should call the 
number of the station he is approaching. When asked for a 
station number, he should always call the number of the sta- 
tion where he is standing, adding the word “‘here.”” He should 
never call the number that the head tapeman should put on 
the stake. 

35. The profile. A profile of the transit line is run by the 
level party following as closely as possible behind the transit 
party. Elevations are determined of the ground at each sta- 
tion and at all breaks in slope between stations. A benchmark 
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should be set at about every 10 or 15 stations and at every 
stream crossing where it can be used for setting masonry. 
If possible, benchmarks should be set clear of construction so 
that they can be used throughout the location survey and the 
building of the line. The plus and offset of each benchmark 
should be included in its description. The level party should 
carefully check the station enumeration, and for this reason, 
as well as to avoid errors in the profile notes, the rodman must 
call the number of each station when he places his rod beside it. 

Whenever the level party overtakes the transit party they 
should turn back to check their benches by benchmark level- 
ing, arranging the work so that each bench is established by at 
least two lines of levels. 

36. Topography. Topography is taken by every available 
method. Aerial photography, the plane table, stadia, the 
clinometer, sketching by eye, or any combination of these 
methods is used. A special method of mapping contours was 
developed many years ago and still appears to be the cheapest 
ground method where considerable accuracy is required. It 
is described in the following section. 

37. Procedure for finding contours. Using a hand level 
and a metallic tape, the position of each contour is found on 
lines at estimated right angles to the traverse. The lines are 
usually placed at the stations and are spaced according to the 
accuracy desired. 

The method is illustrated in Fig. 3. A forked stick is cut 
so that the hand level is exactly 5 ft from the ground when 
supported in the fork. If, for example, the ground at station 25 
has the elevation 32.0, the target is set at 8.0 ft and the 
instrumentman moves uphill until his instrument is level with 
it. The foot of the stick will then rest on the 35-ft contour. 
The offset is measured. The rod is then set at 10.0 ft and 
moved up to the position occupied by the stick. When the 
hand level is again sighted on the target, the stick will be at 
the 40-ft contour. The increment to the offset is measured 
and added. This is continued as far as desired. 

Working downhill (as shown in Fig. 3 at station 26), the 
instrument is kept uphill as before. The elevation of station 26 
is 31.2. Accordingly, the target is set at 6.2, and the rodman 
moves as directed until the target is level with the instrument. 
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By always keeping the instrument uphill from the rod, the 
line of sight, is kept above most of the underbrush. 

The process is carried out on both sides of the line, usually 
at every station, but sometimes at greater intervals. The 
contours are immediately plotted in the notes and sketched 
between stations by eye. All other topographical features 
and culture are mapped at the same time. One form of notes 
is shown in Fig. 4. 
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38. Topographical features included. The map must 
show everything that might affect the choice of location. 
These include: contours, streams and other bodies of water, 
with high-water marks and runoff data, roads, buildings, 
approximate property lines with owners’ names and approxi- 
mate land values, soil and rock conditions, limits of woods 
where clearing and grubbing are required. 

39. In the two-instrument method the Corps of Engineers 
is organized as follows: transit party; level party; and to- 
pographer, with one or two assistants. The duties of the 
various positions are outlined here. 
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THE TRANSIT PARTY 


40. The locating engineer takes charge of the corps and 
directs the survey. He ascertains or estimates the value of 
the lands passed over, the owners’ names, and the boundary 
lines crossed by the line of survey. He examines all streams 
and estimates the size and character of the culverts and 
bridges which they will require; he notices existing bridges 
and inquires concerning the liability of their being carried 
away by freshet; he selects suitable sites for bridges, examines 
the character of the foundations and the direction of the cur- 
rent, and considers any probable change in the direction of the 
current during freshets; he inspects the various soils, rocks, 
and kinds of timber as they are encountered and makes notes 
of these and similar items in his field book. In addition, he 
not infrequently assumes the duties of topographer. He 
should run his line as nearly as possible over the ground likely 
to be chosen for location, so that the information obtained 
may be pertinent, and so that the length of the line, the shape 
of the profile, and the estimate based on the survey may 
approximate those of the proposed location. Accordingly, he 
notes the levels taken, and, when they show that the line as 
run fails to be consistent with allowable grades, he orders the 
corps back to some proper point to begin a new line, or makes 
an offset at once to the better position, or continues the same 
line with some deflection, simply noting the position and 
probable elevation of better ground, according to his best 
judgment. He should at all times maintain a friendly attitude 
toward proprietors, and by his polite bearing endeavor to 
secure their cordial support of the new enterprise. If he is 
tolerably certain that the location will follow nearly the line 
of the preliminary survey, he should have with him some 
blank deeds of right of way, and have these signed by land- 
owners while they are favorably disposed. When this cannot 
be done, a blank form of agreement to allow the surveys and 
construction of the road to proceed until such time as the 
terms of right of way may be agreed on will be very useful. 
He also selects quarters for his men, and in case of camping 
out he directs the movements of the camp equipage. 

41. The transitman measures the angles and takes the bear- 
ings of the courses run and makes a record of them, with their 
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lengths, and the plusses of the points, where they terminate. 
He sees that the axemen keep in line while clearing, and the 
chainmen while measuring; he takes the bearings of the princi- 
pal roads and streams and of property lines encountered. In 
an open country he may save time by selecting some prominent 
distant object toward which the chainmen measure without 
his assistance, while he goes forward and prepares to take the 
direction of the course beyond. In traversing a forest with 
not too dense undergrowth, when the line is being run to suit 
the ground according to a given grade, it is a good plan for the 
transitman to go ahead of the chainmen as far as he can be 
seen, select his ground, take his direction by backsight on the 
last station, and then have the chainmen measure toward 
him. In this case both he and the head chainman should be 
provided with a good-sized red and white flag, mounted on a 
straight pole, to be waved at first to call attention, and after- 
ward held vertically for alignment. Otherwise a flagman 
must be added to the party, who will select the ground ahead 
under the instructions of the locating engineer, and toward 
whom the survey will proceed in the usual manner. 

Transit notes may extend across both pages of the field 
notebook, the right-hand page being reserved for sketches. 
The notes should extend from bottom of page upward, the 
red line on the right-hand page thus corresponding to the cen- 
ter line on the ground. Deflection angles should be carefully 
doubled and magnetic bearings read as a check on the angular 
work. 

A brief outline of the transit adjustments is given in Chapter 
XX, and such adjustments should be checked as opportunity 
offers. 

42. The head chainman drags the tape and carries a flag 
which is put into line at the end of each chain length by 
the transitman or the rear chainman. It is the head chain- 
man’s duty to know that his flag is in line and that his tape is 
straight and horizontal before any measurement is made, and 
to show the stakeman where each stake is to be driven. A 
stake is usually driven at the end of each measured chain 
length, called a station, though in an open and level country 
the stakes at the odd stations may be omitted, in which case 
marking pins are used to indicate the odd stations temporarily. 
If there is much clearing to be done the head chainman plants 
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his flag in line and, ranging past it, indicates to the axemen 
what is to be cut, going a little in advance through the bushes 
so that they may work toward him. The head chainman should 
be a quick, active, and strong man, with a good eye and a taste 
for his work, as very mich of the real progress of the survey 
depends on him. 

43. The rear chainman keeps the tally by the pins when 
they are used and watches the numbers on the stakes to see 
that they are correct. 

44. The axemen should be accustomed to chopping and 
clearing, and, therefore, should be selected in the country 
rather than the city. They will cut out as much of the under- 
brush and overhanging branches as may interfere with the 
sight of the transitman or leveler; but they must be careful 
not to cut unnecessarily wide, and no tree of considerable 
size should be felled, except in unusual circumstances. When 
running by compass, if the transitman goes ahead of the chain, 
he can always select a position so that no large tree will inter- 
fere; or, if the line must be produced and strikes a tree, the 
transit may be brought up and set close to the tree on the for- 
ward side as nearly in line as can be estimated, the slight error 
in offset being neglected, since the line will be produced parallel 
to itself by the needle. 

45. The stakeman prepares and marks the stakes and drives 
them at the points indicated by the head chainman. When no 
clearing is needed, the axemen keep him supplied with stakes, 
since the rapid progress of the chain will give him only time 
to drive them. The stakes should be 2 ft long and pointed 
evenly so as to drive straight. They are blazed or faced on 
two opposite sides, one of which is marked in red chalk with 
the number of the station. The stake must be driven vertically 
and with the marked face to the rear so that it may be read 
by the rodman as he follows the line. 


THE LEVEL PARTY 


46. The leveler takes charge of the level party and keeps 
notes of his work. He should direct a bench to be made at 
least once every half-mile and in a very rough country every 
quarter of a mile. He should continually bear in mind that 
the levels are usually the most essential part of the survey. 
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The leveler should make every endeavor to follow closely after 
the surveying party, so that the locating engineer and topog- 
rapher may have the advantage of his notes. 

47. The rodman’s first duty is to hold the rod for a reading 
on the ground at every stake, the number of which is called 
out to the leveler as soon as the rodman reaches it. The rod 
should also be held at every prominent change of slope on 
the line, as the crest and foot of every bank, the rodman 
calling out its distance from the last stake as plus so many 
feet, but all gentle undulations and minor irregularities should 
be neglected. The rod will always be read at the surface 
of a stream or pond and also at its deepest part on the line 
when possible; otherwise, the depth of the water may be 
found by sounding and so recorded. If the line runs along a 
stream, the surface will be taken occasionally, opposite cer- 
tain stations, and, if it runs along a canal, the elevation of sur- 
face above and below each lock must be noted. The rodman 
makes inquiry for high-water marks or seeks traces of them 
himself in an uninhabited district, and holds the rod on them 
so that their elevation may be determined. The rodman 
carries a small axe or hatchet with which to make benches 
and to trim out any stray branch that may intercept the 
leveler’s view. 


TOPOGRAPHY 


48. The topographer makes accurate sketches in a book 
prepared for the purpose of all features of the country immedi- 
ately on the line and extends the sketches as far each side of 
the line as he can. He must never sketch in advance of the 
chain nor in advance of his own position. His work should be 
done to scale as nearly as possible, the same scale being used 
for distances on the line and at right angles to it. The scale 
adopted should never be less than that of the map to be made 
from the sketches. The ruled lines of a field book are usually 
+ in. apart, so that the scale of one line to a station equals about 
400 ft to an inch. This is the smallest scale ever used. The 
scale of two lines to a station is most convenient for general 
use. Four lines to a station are needed in special cases to show 
details, as in passing through villages. The scale may be 
changed from time to time as found necessary, but no two 
scales should ever be used on the same page. The numbering 
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of the stations up the page indicates the scale of the 
sketch. 

49. When the contours of the surface are required, the to- 
pographer may join the Jevel party in order that his estimates 
of heights and slopes may be corrected by the instrument. 
He should never draw a mass of contours indiscriminately 
but should sketch them as they exist at a uniform vertical 
interval. This interval may be assumed at 5 ft in a gently 
rolling country and at 20 ft in a mountainous one, but an 
interval of 10 ft will be found most convenient generally. 
If the topographer accompanies the level, he can assume the 
contours at the even tens of feet in elevation and mark them 
so, noting where a contour crosses the surveyed line and sketch- 
ing its direction and shape both ways from that point. He 
will estimate the rate of slope of the ground at right angles 
to the line as so many feet per hundred and record it from 
time to time, noting ascent from the line on either side by A 
and descent by D. If the slope changes within the limit of 
the page, the line of change may be sketched and the next 
slope recorded. When little banks or terraces occur, or bluffs 
and rocks, which cannot be sufficiently indicated by con- 
tours, they should be shown by hatchings, and the height 
noted. Special care should be taken to sketch roads and 
houses in their correct positions and dimensions, the latter 
to be measured, paced, or estimated. The dimensions should 
also be recorded in numbers. The outline of forests may be 
shown by a scalloped line and the kind of timber, and whether 
dense or scattered, written within the inclosed space. Correct 
outlines are essential, but no time should be given to shading 
up a sketch with conventional signs. A single sign, or the 
name of the object designated, is sufficient. Landowners’ and 
residents’ names should be recorded whenever they can be 
obtained, as well as the names of roads, streams, and public 
buildings. 

50. Where detailed information is desired on a narrow 
stretch of country near the preliminary line, one or more rod- 
men may assist the topographer in securing it. The contours 
and all important features such as highways, fences, build- 
ings, and bodies of water, should be located. A contour may 
be located either by hand level, level rod, and tape, or by 
horizontal and vertical rods. The first method is probably 
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in more general use, but the second has a decided advantage 
in the fact that the work may be done independently of the 
level work. 

The work of obtaining contours by use of hand level and 
rod or by slope board is often called ‘“‘cross-sectioning.”’? The 
Locke hand level and level rod are generally used on prelimi- 
nary surveys, whereas slope boards or cross-section rods have 
many advantages for steep slopes and for double-tracking 
work. 


STADIA METHOD 


51. Surveys made by transit and stadia have many advan- 
tages over the so-called two-instrument method. Among 
these may be mentioned: the comparatively large area which 
may be covered with less expense; a smaller amount of clear- 
ing of underbrush and foilage; and the quietness with which 
the survey may be conducted. Among the disadvantages of 
the method are: a large amount of reductions and plotting, 
and the lack of as definite a reference line on the ground for 
use during the location survey. 

There seems to be a tendency toward the use of the stadia 
method for preliminary surveys. 


TOPOGRAPHICAL SKETCHING 


52. Topographical sketches taken on preliminary surveys 
are usually of great value in projecting a line for location; 
they should be made therefore as accurate and complete as 
possible. In too many instances sketches are presented having 
a picturesque appearance, but conveying little information, 
if not tending to mislead the mapmaker. The aim of the 
topographer should be to record the topographical features 
either side of the line with as much precision as those directly 
on the line, without taking actual measurements, except in 
rare instances. The eye and the judgment must be usually 
depended on for distances and dimensions. The sketch of a 
tract extending 400 ft each side of the line ought to be accurate 
enough to warrant its being copied literally on the map. If 
a much wider range is required, it may be advisable to use 
the plane table; but an approximation of plane-table methods 
may be employed in ordinary sketching. 
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53. As artificial features are the most readily defined and 
located, these should first receive attention when a sketch is 
made. When recorded, they form a skeleton on which the 
natural features can be drawn with more precision than if 
the order were reversed. The point where each fence crosses 
the line and the angle between the two may be sketched 
exactly. The distance along the fence to any object may be 
estimated, and checked (in case of an oblique angle) by 
observing where a line from the object perpendicular to the 
center line would intersect the latter. The book may be 
rested on any support, the center line of the page coinciding 
with the line of survey, and the direction of objects defined 
by a small ruler laid on the page. This operation being re- 
peated from another point gives intersections which locate the 
several objects on the sketch. If the bearings are taken, they 
may be plotted on the page as well as recorded, giving the same 
results. The eye may be trained to estimate distances cor- 
rectly by observing the appearance of objects along the meas- 
ured line, the distances to which are therefore known. 

54. After the artificial objects the more distinct natural 
features are to be sketched, as streams, shores, margins of 
swamps, forests, ravines, ridges, and bluffs, and care should 
be taken that all these outlines intersect the features of the 
sketch already delineated at the proper points. The correct 
representation of contours is the most difficult part of sketch- 
ing, since these lines are quite imaginary; yet, for railroad 
maps they are usually as important as any others. It is 
desirable to know not only the locality of a hill or slope, but 
also its shape, steepness, and height. This information is 
best given by contour lines. A practiced eye is able to follow 
on the ground the course of a contour with all its windings; 
but in sketching them due allowance must be made for the 
foreshortening effect of distance. All contours on the same 
sketch should have the same vertical interval, so that by 
counting them the height of the hill may be known. The 
spaces on the sketch between contours vary as the cotangent 
of the slope angle, so that the width of the spaces indicates the 
degree of steepness. The contours nearest the topographer 
should generally be sketched first, although, if there be a 
shore, that is apt to be the best guide to the shape of the slopes. 
If the height of the hill is known and the upper contour 
located, the other contours can be spaced between with less 
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difficulty, the proper number being ascertained by dividing 
the height by the assumed vertical interval. A special line 
of levels or a stadia shot up an inclined ravine or sloping ridge 
to fix the contour points is often of the greatest service in 
obtaining correct results. Other random lines are sometimes 
run to locate the contours more definitely. These should be 
made to cross several contours rather than to trace a single 
one. Old preliminary lines which have proved useless in 
themselves often furnish by their profiles valuable information 
in respect to contours. 

The use of hatchings should be avoided in the sketchbook, 
except to represent precipitous banks, or slight terraces, which 
would not be sufficiently defined by the contour system. 
Hatchings freely used consume too much time, fail to give an 
accurate idea of either slope or height, and obscure the page 
for the representation of other objects. 

55. The center line on the page is straight, and for sketch- 
ing purposes the surveyed line on the ground is assumed to be 
so also. Slhght deflections in the course of a preliminary line 
may be ignored in the sketch; but, if a large angle occurs, it 
is better to terminate the sketch with the course, and begin 
again, leaving a few blank lines between the two sketches. 
On a located line with curves, the sketch is continuous. The 
curved line in the field is represented by the straight line 
on the page, and the radial lines through the stations are repre- 
sented by the parallel lines ruled across the page. All objects 
are sketched at the proper offset distance by scale from the 
center line; but longitudinally the sketch is necessarily dimin- 
ished outside of the curve and magnified inside of the curve. 
Consequently, topographical lines which are straight in fact 
appear curved in the sketch, concave to the center line if 
inside the curve, and convex if outside of it. Such features 
are correctly sketched by means of offsets estimated or meas- 
ured from each station of the curve on the radial lines. This 
kind of distortion creates no confusion if properly done, for 
in making the map, after drawing the curve and the radial 
lines, the same offsets will give the correct positions of the 
objects delineated. This method is preferable to drawing a 
curved line on the page to represent the center line, as it is 
difficult to draw it correctly; it will cross the ruled lines ob- 
liquely, rendering them of no service for offsets or scales, and, 
moreover, is likely to run off the page altogether. 
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59. Plotting stands and sometimes control stands are placed 
on the map.. Plotting stands consist essentially of small tables 
with white circular tops about 5 in. in diameter that are 
adjustable in height. Ig the center of each plotting stand, 
flush with the top surface, is a tiny bright white light, and 
directly underneath is a pencil that normally rests on the 
paper but can be raised clear of it. On a control stand, a dot 
and a pointer replace the light and pencil. 





Fia. 6. 


By placing these stands over the plotted positions of the 
photo-control points and adjusting the heights of their top 
surfaces to the map-scale elevations of the photo-control 
points, a space model to the map scale of the photo-control 
points is established. Either separately or in pairs each pro- 
jector is adjusted so that the images of the photo-control 
points fall on their respective marks. This re-creates, to map 
scale, the geometric conditions that existed when the photo- 
graph was taken. See Fig. 6. 

When two overlapping photographs are thus projected, a 
radial line from each photograph is projected for every object 
pictured in the area of overlap. These pairs of lines intersect 
at the map-scale positions and elevations of the objects. The 
intersections can be found by stereo viewing. A red filter is 
placed on one projector and a green filter on the other. Wear- 
ing a red glass over one eye and a green glass over the other eye, 
the operator sees a stereo model on any surface interposed in 


§ 59] AERIAL MAPPING 37 


the overlap. When a plotting stand is placed in this area, the 
stereo model can be seen on its white surface. Since the white 
light can be seen with both eyes, it has apparent height with 
respect to the model. When the light is placed at the inter- 
section of the two rays to an object, it appears to be on the 
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object both in position and elevation. See Fig. 7. The stand 
surface is first set at the elevation of a desired contour line 
to the map scale and then moved until the light apparently 
touches the ground. The pencil is lowered to the map, and 
the light is moved along the apparent ground surface, causing 
the pencil to trace the contour line. All contour lines desired 
can be plotted in this way. Planimetry is plotted by follow- 
ing the object to be plotted and at the same time raising or 
lowering the mark so that it apparently stays on the ground 
surface. 


38 THE PRELIMINARY SURVEY (Cu. III 


Theoretically, once one photograph is in position, all over- 
lapping photographs can be correctly positioned by using pass 
points. Actually, the accidental errors would accumulate too 
rapidly for accurate mapping if this system were used alone. 
Accordingly, the accuracy of the map depends on the density 
of ground control. As elevations must be determined much 
more accurately than horizontal positions, more elevations 
than horizontal positions of photo-control points must be_ 
determined in the field. | 

60. Accuracy. In addition to the density of ground con- | 
trol, accuracy depends on the flying altitude, the excellence 
of the photographic equipment, and the precision of the. 
photogrammetric process used to make the map. Low altitude | 
increases the accuracy if the photographic equipment is fast | 
enough to avoid blurring the images. Glass plates retain the ! 
true shape of the photograph much better than film. Differ- | 
ent plotting processes vary widely in results. Mapping pro- 
cedures, accordingly, vary widely in accuracy. Up toa certain| 
limit, however, any desired accuracy can be obtained by 
increasing the ground control and by decreasing the flying 
altitude. 

The accuracy is usually specified as follows: wherever a test’ 
profile may be run, the map shall be correct within one-half} 
a contour interval for 90% of the profile. Aerial mapping’ 
processes are rated according to a C Factor ! which is the flying 
altitude necessary for the accuracy previously specified, 
divided by the contour interval desired. Good processes have 
C Factors ranging from 600 to 1500. Accordingly, for a: 
desired contour interval of 5 ft, the altitudes required would 
lie between 3000 and 7500 ft. 

61. The procedure for using air mapping in location 
Usually a single flight strip is flown over each proposed route. 
Sometimes certain areas are covered by several strips. Whe 
a system of survey control points exists where map is to be 
located, the positions and elevations of the photo-contro 
points can be determined from the markers of this system 
The paper location line can be projected on the resulting map 
and the quantities of cut and fill can be estimated directl 



















1 Originally suggested by Russell K. Bean, U. S. Geological Survey. 
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from it. The map, of course, will show no traverse from which 
to establish the location line in the field. This is accomplished 
by measurements from the control system or from objects 
shown on the map. 

When no survey control exists, a traverse and a line of 
benches must be established along the route. The flight strip 
is then flown so that it approximately centers on this line. 
Photo-control points near the traverse are tied in for both 
position and elevation, distant points for elevation only. 
Stadia can be used for all these ties, but barometric leveling 
is excellent for determining the elevations of the distant 
points. 

62. Other advantages of aerial mapping.! In addition 
to the reduction in cost and the greater detail supplied, aerial 
mapping has several unique advantages not available in 
ground surveys. 

1. With very little additional cost, the full width of the 
flight strip can be mapped instead of a narrow strip along the 
probable line. This results in a map usually at least a mile 
wide. The extra width obtained is of great importance in 
built-up areas where property values are high or where inter- 
secting roads or special drainage conditions must be 
considered. 

2. An air map can be made with a minimum of ground 
operations. This avoids trespass and eliminates rumors, land 
speculation, and objections to possible locations which are 
surveyed but not used. 

3. Approximate property lines can usually be mapped. 
They are often visible on the photographs when difficult to 
find on the ground. They afford a basis for preliminary 
agreements with landowners. 

4. The photographs themselves have many uses. They 
provide an inventory of surface features showing blighted 
areas, traffic density, sources of gravel and construction 
material, the types of soil available, and the location of existing 
trees for landscaping. Made into mosaics they are useful for 
reconnaissance. They provide evidence of the limits of con- 


1 The statements in this section are quoted from a symposium on ‘‘Aerial 
Photography in Highway Location” held under the auspices of the Ameri- 
can Society of Civil Engineers, Jan. 17, 1947. Participating were: EH. T, 
Gawkins, Spencer Miller, Jr., W. J. Cox, and E. C. Houdlette. 
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Theoretically, once one photograph is in position, all over- 
lapping photographs can be correctly positioned by using pass 
points. Actually, the accidental errors would accumulate too 
rapidly for accurate mafaping if this system were used alone. 
Accordingly, the accuracy of the map depends on the density 
of ground control. As elevations must be determined much 
more accurately than horizontal positions, more elevations 
than horizontal positions of photo-control points must be 
determined in the field. 

60. Accuracy. In addition to the density of ground con- 
trol, accuracy depends on the flying altitude, the excellence 
of the photographic equipment, and the precision of the 
photogrammetric process used to make the map. Low altitude 
increases the accuracy if the photographic equipment is fast 
enough to avoid blurring the images. Glass plates retain the 
true shape of the photograph much better than film. Differ- 
ent plotting processes vary widely in results. Mapping pro- 
cedures, accordingly, vary widely in accuracy. Up toacertain 
limit, however, any desired accuracy can be obtained by 
increasing the ground control and by decreasing the flying 
altitude. 

The accuracy is usually specified as follows: wherever a test 
profile may be run, the map shall be correct within one-half 
a contour interval for 90% of the profile. Aerial mapping 
processes are rated according to a C Factor ! which is the flying 
altitude necessary for the accuracy previously specified, 
divided by the contour interval desired. Good processes have 
C Factors ranging from 600 to 1500. Accordingly, for a 
desired contour interval of 5 ft, the altitudes required would 
lie between 3000 and 7500 ft. 

61. The procedure for using air mapping in location. 
Usually a single flight strip is flown over each proposed route. 
Sometimes certain areas are covered by several strips. When 
a system of survey control points exists where map is to be 
located, the positions and elevations of the photo-control 
points can be determined from the markers of this system. 
The paper location line can be projected on the resulting map, 
and the quantities of cut and fill can be estimated directly 


1 Originally suggested by Russell K. Bean, U. S. Geological Survey. 
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from it. The map, of course, will show no traverse from which 
to establish the location line in the field. This is accomplished 
by measurements from the control system or from objects 
shown on the map. 

When no survey control exists, a traverse and a line of 
benches must be established along the route. The flight strip 
is then flown so that it approximately centers on this line. 
Photo-control points near the traverse are tied in for both 
position and elevation, distant points for elevation only. 
Stadia can be used for all these ties, but barometric leveling 
is excellent for determining the elevations of the distant 
points. 

62. Other advantages of aerial mapping.! In addition 
to the reduction in cost and the greater detail supplied, aerial 
mapping has several unique advantages not available in 
ground surveys. 

1. With very little additional cost, the full width of the 
flight strip can be mapped instead of a narrow strip along the 
probable line. This results in a map usually at least a mile 
wide. The extra width obtained is of great importance in 
built-up areas where property values are high or where inter- 
secting roads or special drainage conditions must be 
considered. 

2. An air map can be made with a minimum of ground 
operations. This avoids trespass and eliminates rumors, land 
speculation, and objections to possible locations which are 
surveyed but not used. 

3. Approximate property lines can usually be mapped. 
They are often visible on the photographs when difficult to 
find on the ground. They afford a basis for preliminary 
agreements with landowners. 

4. The photographs themselves have many uses. They 
provide an inventory of surface features showing blighted 
areas, traffic density, sources of gravel and construction 
material, the types of soil available, and the location of existing 
trees for landscaping. Made into mosaics they are useful for 
reconnaissance. They provide evidence of the limits of con- 


1 The statements in this section are quoted from a symposium on “Aerial 
Photography in Highway Location” held under the auspices of the Ameri- 
can Society of Civil Engineers, Jan. 17, 1947. Participating were: EH. T. 
Gawkins, Spencer Miller, Jr., W. J. Cox, and E. C. Houdlette. 
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struction damage, and they are the best means of demonstrat- 
ing to the public exactly what the proposed plans will effect. 

5. The necessity of flying over the area provides an oppor- 
tunity to obtain oblique yiews where complicated interchange 
facilities are planned. Oblique pictures often obviate the 
necessity of building models to study design. 


CONSTRUCTING THE MAP 


63. The preliminary survey is usually mapped at scales 
varying from 30 ft per inch to 200 ft per inch, depending on 
the importance of the detail to be shown. The scale chosen 
must allow convenient use of the available curve templates 
necessary for projecting the location. 

It is best to plot the original map on a continuous roll of 
detail paper so that there will be a minimum of breaks. Where 
breaks must be made, it is well to repeat enough of the map to 
prevent the separation of a curve or a tangent into two parts 
when the location is projected. 

The traverse may be plotted by coordinates or by computed 
bearings and scaled distances. Plotting directly from traverse 
angles should be avoided as it causes errors in direction, owing 
to the accumulation of plotting errors. 

A blunder in computing or plotting the traverse introduces 
serious difficulties. It is usually not discovered until the loca- 
tion line is being staked out in the field. It may cause the 
estimated distance to be seriously in error, an angle to appear 
in a tangent, or either a curve or a tangent to depart radically 
from its desired position. After plotting, the lengths of the 
courses and the traverse angles should be measured by a scale 
and protractor and checked against the original field notes. 

When the traverse has been thoroughly checked, the station 
positions are marked along it, and the topography is plotted. 
The map is immediately inked in color, fine ink lines being 
used. 

The profile is usually plotted to a horizontal scale equal to 
or slightly smaller than the map scale. The vertical scale is 
usually ten times as large as the horizontal scale. The profile 
should be plotted on a continuous sheet of profile paper. 
Where breaks occur, enough of the profile is repeated to 
prevent separating uniform slopes. 
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PROJECTING LOCATION 


64. Projecting a paper location consists of laying out on the 
map the first detailed position for the final line. The economic 
principles employed are the same as those on which the recon- 
naissance was based but are applied within narrower limits. 

Where the line passes through built-up areas, the costs of 
right of way and construction are both high, and the solution 
must be based on careful and complete estimates of compara- 
tive costs. No rules can be laid down for this procedure other 
than the basic principles that heavy expenditures for surveys 
and tentative plans are usually justified, and a thorough 
investigation of every possibility is more than ever of para- 
mount importance. Where the line passes through open coun- 
try, the chief consideration is usually the cost of excavation 
and embankment. The problem resolves itself into a search 
for the line requiring a minimum of cut and fill. A step-by- 
step procedure has been developed for determining such a 
line, and it is described in the following paragraphs. 

65. Scope. The line laid out is the center line of construc- 
tion. It is, therefore, the center line of the cuts and fills, 
bridges, and so on. Usually this line is also the center line 
of the track (or tracks) or pavement, and it is often the center 
line of the right of way. The grades established are the eleva- 
tions of the subgrade, which is the top surface of the finished 
excavation or embankment. Minor details of alignment or 
grade are usually neglected. Spiral curves (see Chapter IX) 
and the compensation of rate of grade for curvature (see 
§ 375) are usually not introduced until after the preliminary- 
location center line has been staked out in the field. 

66. Fixing grade lines. The procedure begins with the 
determination of grade lines. Essentially this consists of 
establishing the exact positions and elevations of the governing 
points. It is accomplished by a study of the preliminary 
traverse profile and map. One of the most important opera- 
tions connected with the location, it is usually performed by 
the engineer in charge of the locating party, who is most 
conversant with the general character and detailed require- 
ments of the line. Generally the maximum gradients will 
have been determined in advance from the preliminary data, 
according to the principles laid down in the preceding chapter, 
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but the position of each grade line relative to the profile of the 
surface must be left to the judgment and skill of the engineer. 
In general, the grade line is so placed as to equalize the amounts 
of excavation and embankment, within the limits of free haul 
(see § 301), but there are various exceptions to this rule. 
The excavation may be in excess: first, when it is necessary 
to pass under some other road or highway, the grade of which 
cannot be changed; second, when valuable property is to be 
avoided, the appropriation of which would cost more than the 
excavation; third, when the grade is at the maximum near a 
summit and cannot be raised parallel to itself without incurring 
too great an expense for masonry, etc., at some other part 
of the line. The embankment may be in excess, first, when the 
country is flat and wet, in order to keep the roadbed well 
drained (the grade line should be at least 2 ft above the average 
level of the surface, or above the high-water mark, if the dis- 
trict is subject to overflow); second, in approaching a stream, 
where it is necessary to raise the grade above the requirements 
of navigation; third, when the cuttings on the line are largely 
in solid rock, and a cheaper material for embankments may 
be conveniently used at other points; fourth, in a district 
subject to heavy drifts of snow by which deep cuts would be 
liable to be obstructed; fifth, in sidehill work, where there is 
danger of landslips; sixth, when it is determined to supply the 
place of a portion of an embankment by a timber trestlework 
or other viaduct. 

The apparent equality of cut and fill on the profile does not 
represent an equality in fact, owing to the different bases 
and slopes of the sections adopted and to the various inclina- 
tions of the natural surface transverse to the line. This is 
especially true in sidehill work, where there are both cut and 
fill at every point, whereas the profile shows very little of either. 
In the latter case it is an excellent plan to combine with the 
profile of the center line the profiles of parallel lines 10 or 
20 ft either side of the center, and drawn with different-colored 
inks, as these will indicate tolerably well the relative amount 
of cut and fill required. But after the grade has been thus 
chosen the only safe method in sidehill work is actually to 
compute the amounts of excavation and embankment from 
cross sections, mark the amount for each cut and fill on the 
profile, and compare the results. Any changes required in 
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the grade or alignment may then be discovered and effected 
before the work of construction has begun. 

67. The grade contour. The grade contour is the line 
extending from one governing point to the next which follows 
the ground surface at the established uniform grade. The 
change of elevation of the grade contour is proportional to 
distance measured along the probable location of the finished 
line, rather than distance measured along the length of the 
grade contour itself where the intricacies of the ground surface 
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unduly increase its length. If the final line could follow the 
grade contour exactly, no cut or fill would be required other 
than leveling the roadbed laterally. The grade contour is 
drawn on the map as a guide to the position of the projected 
line. 

To draw the grade contour proceed as follows (Fig. 8): 
Estimate the rate of the uniform grade between the two 
governing points from their difference in elevation and the 
traverse distance between them. Assume that the data for 
adjacent governing points A and B are the following: 


Gov. Pt. Plus Elevation Rate of Grade 
A 30+00 92’ 
B 130+00 142’ 
Difference 10,000 +50’ +0.5% 


To reach the 95-ft contour line the grade contour must rise 
3 ft from point A. At a 0.5% grade the distance traversed 
must be 600 ft. Set a pair of dividers at 600 ft to scale. 
With A as a center, swing an arc intersecting the 95-ft con- 
tour in the direction the line is to follow, thus marking the 
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point on the 95-ft contour line through which the grade con- 
tour will pass. To reach the 100-ft contour from the 95-ft 
contour, the grade contour must rise 5 ft. At a 0.5% grade 
it must traverse a distagce of 1000 ft. Set the dividers at 
1000 ft and, with the point just marked as a center, swing an 
are intersecting the 100-ft contour. The grade contour will 
cross the 100-ft contour line at this point. Continue this 
process until the elevation of point B is reached. Owing to 
errors in estimating the distance from the length of the 
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preliminary traverse, this point may fall short of or beyond 
point B. Adjust the positions of all the points plotted propor- 
tionally until it falls on B. 

It is to be remembered that, when the grade contour crosses 
a small ravine or ridge, it may be necessary to step off the 
distance straight across the obstacle along the direction that 
the location line will take—rather than to follow the ravine 
or ridge. The grade contour will then disappear along the 
obstacle, and its intersection with one or two contour lines 
may be lost. It will return on the other side of the obstacle, 
and its exact position will be regained at the contour line cor- 
responding to the distance stepped off. Note points C and D 
in Figs. 8 and 9. 

After the points of intersection with the contour lines have 
been finally established, the grade contour is drawn connecting 
them. Between these points the grade contour must progress 
uniformly from one contour line to the next. For example, 
halfway between the points it must be halfway from one 
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contour line to the next. At the quarter points it must be 
one quarter or three quarters of the distance between the 
contours, and soon. The grade contour is sketched in accord- 
ing to this principle and inked usually by a dotted line. 

68. Establishing the preliminary location line on the 
map. The location line is composed of straight lines (tan- 
gents) and usually the ares of true circles (curves). Some- 
times spiral curves are introduced (see Chapter LX) between 
arcs of different radii and between arcs and tangents. Since 
these change the location only very slightly, they are usually 
not considered until the actual track or pavement is laid out. 

69. Radius of curvature. The minimum radius of curva- 
ture which can be used for railroads is the sharpest curve that 
can be negotiated by a road engine. It is in the neighborhood 
of 275 to 400 ft. Highway curves can be as sharp as required. 
However, in accordance with the principles covered in Chapter 
J, all curvature in general and sharp curves in particular 
should be avoided wherever the time loss they introduce is 
more expensive than the interest charges on the cost of their 
elimination. Where the topography requires an especially 
sharp curve, a careful economic study must be made before 
a decision can be reached. The practice of arbitrarily estab- 
lishing a minimum curvature should be accepted only after a 
thorough investigation of the economics involved. In high- 
way design, the introduction of a sharp curve where all other 
curves are of long radius should be avoided. It creates driver 
surprise and, therefore, constitutes a serious traffic hazard. 

70. Separation between curves. Curves which turn in 
the same direction should be separated by a tangent at least 
500 ft long. When the tangent is too short, the curve is called 
a broken-backed curve. ‘Traffic traversing such a curve is 
subjected to a serious double roll. Broken-backed curves 
are usually easily avoided by bringing the two curves together 
or by substituting a longer radius curve for the two curves 
and their connecting tangent. Curves turning in opposite 
directions should be separated by a tangent at least 200 ft 
long. This gives room to run out the superelevation ( gradually 
reduce the banking) and to introduce spirals. When high- 
speed operation is desired, these distances must be increased. 

71. Plotting the line. A line consisting of curves and 
tangents is plotted on the map following the grade contour as 


46 THE PRELIMINARY SURVEY [Cu. IIT 


closely as possible except where special considerations previ- 
ously described render this inadvisable. Many trials are often 
necessary to obtain the best approximation to the grade con- 
tour, and the work is greatly facilitated by using a black silk 
thread for establishing tangents and curve templates which 
are rules having edges curved at various radii for laying out 
curves. Sets of curve templates at various radii and scales 
may be purchased. 

The black silk thread is attached to a pin placed at one 
governing point. The thread is extended beyond the next 
governing point and allowed to hang over the end of the draw- 
ing board. A light weight is attached to this end to keep the 
thread taut. The thread is then aligned with the straighter 
parts of the grade contour by placing pins at various positions. 
Various curve templates are tried between the tangents until 
those which most nearly fit the grade contour are found. Often 
the combination of tangents and curves must be changed 
many times to obtain the best fit (Fig. 9). 

When the best line is thus established by inspection, it is 
penciled in and marked off in 100-ft stations. The depth of 
the cut or fill at each station is then estimated from the map 
by comparing the elevation of the ground at each station with 
the elevation of the adjacent point on the grade contour. By 
using the table of level sections (Table XXX; see also explana- 
tion Vol. II) or other means, the volume of the cut or fill for 
each station is estimated, and a mass-haul diagram is con- 
structed. See Chapter XIV. 

The original line is then adjusted to obtain the greatest 
economy in the balance of cuts, fills, and overhaul as indicated 
by the mass-haul diagram. Cuts are reduced by moving the 
line toward lower ground, and fills are reduced by moving it 
toward higher ground. 

72. Data for the location survey. When the line is 
finally established on the map, certain data are taken off the 
map and recorded in a field notebook to be used in locating 
the line on the ground. The chief items are: 


1. A list of offsets to each tangent. 
2. The degree of curvature of each curve. 


The offsets are scaled from the preliminary-survey traverse 
stations to the tangents. They are measured perpendicular 
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to the course in the traverse on which the station is located. 
Although only two offsets are necessary to locate a tangent, 
offsets from all preliminary-survey stations are usually re- 
corded so that they will be available to facilitate avoiding 
obstacles in the field. 

The degree of curvature measures the sharpness of a curve 
and, hence, is a function of the radius. See § 78. It is marked 
on each curve template. When the radius or the degree of 
curvature is known, the curve shown on the map can be 
reproduced in the field as soon as the tangents have been 
staked out. This procedure will result in placing the curve in 
the field in exactly the position indicated on the map. 


x 


CHAPTER IV 
THE LOCATION SURVEY, 


73. Staking out the tangents. The tangents are staked 
out by the transit party from the list of offsets. Usually two 
or three offsets near the end of each tangent are measured out 
with a metallic tape at estimated right angles from the 
preliminary traverse and marked by long stakes or range poles. 
Providing there are no blunders, the markers will stand in an 
approximately straight line, marking the position of the tan- 
gent. They will not be exactly in line, owing to the slight un- 
avoidable errors of scaling the offsets. If the entire tangent 
can be seen from one end or the other, an average line is 
established by eye. A hub consisting of a stake and tack is 
set near each end of this line to give it definite position. No 
instrument is used in this process. The two hubs are set 
merely by directions from an observer looking along the line 
of markers. Each hub is called a Point on Tangent, abbre- 
viated to P.O.T. A guard stake so marked is placed beside it. 

If it is impossible to see the entire tangent from one end, 
offsets are marked near the ends as before, but auxiliary offsets 
are also laid out at the ends of the longest continuously visible 
section. A temporary hub is aligned by eye at each end of 
this section on the average line. Using a transit, the line 
marked by these temporary hubs is run out to the two ends 
of the tangent. From measurements between the temporary 
line and the average of the offsets at each end of the tangent, 
a new position is computed for the line which will carry it 
through the average position of all the offsets. The new 
position for the line is then run out with the transit and 
marked by permanent P.O.T.’s. 

74, Field procedure for location. The work is begun by 
establishing the P.O.T.’s for at least the first and the second 
tangents. The position of the first tangent on the line is 
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usually determined by the connection that must be made. 
Accordingly, the P.O.T.’s for this tangent are usually estab- 
lished by precise measurements from existing objects or 
alignment stakes, rather than by offsets from the preliminary 
line. 

A definite point is chosen to serve as station 0+00. Usu- 
ally this is the point from which the preliminary survey origi- 
nated. Beginning with this point, 100-ft stations are marked 
along the line of P.O.T.’s on the first tangent. Hach station 
is marked by a hub consisting of a stake and tack and a guard 
stake is placed beside it. The stations are numbered con- 
tinuously, beginning with station 0+00, throughout the 
entire line to the end. The station numbers are marked on 
the guard stakes. Stations are set along the first tangent until 
the next 100 ft falls beyond the second tangent projected 
backward. 

At this point the procedure for staking out the curve is 
begun. This work is also carried out by the transit party. 
The procedure is described in Chapters V, VI, and XXI. 
The station measurement and enumeration are carried con- 
tinuously around the curve and along the following tangent 
so that the stations set on the prolongation of the tangent 
beyond the beginning of the curve are abandoned. When the 
curve is completed, stations are set along the second tangent 
and at the same time P.O.T.’s are set on the third tangent. 
The process is repeated for the second curve and, in fact, 
throughout the whole line. P.O.T.’s must be set on the tan- 
gent ahead of each curve staked out. Usually several tangents 
are staked out at one time. The form of field notes is shown 
in Fig. 14. 

The level party follows the transit party as closely as possi- 
ble. This party obtains the profile of the location line and the 
cross section at each station, as described in Chapter X. 

When the work of the transit party and level party is com- 
pleted between two governing points, the final grade is estab- 
lished according to Chapter XVIII, the cross sections are 
drawn up, the quantities are computed, and the mass-haul 
diagram is constructed. 

The mass-haul diagram will indicate any changes that may 
be required to improve the balance of the cuts and fills and to 
reduce the overhauls. Slight shifts in the line are used to 
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obtain these changes. The change in the quantity of cut and 
fill at any station caused by any lateral shift in the line can be 
computed from the cross section. The new position is drawn 
over the original ground, profile shown in the cross section, 
and the new quantity is computed. The methods of changing 
the alignment for this purpose are covered in Chapter V and 
Chapter VI. These shifts will introduce stations which are 
not exactly 100 ft long. A record of these stations with their 
lengths must be kept readily available. 

When the final line is completed the following operations 
take place: 

1. All important hubs are witnessed so that they may be 
easily replaced if removed by construction. 

2. The final grade is established if any changes have been 
made. 

3. The slope stakes are set (see Chapter X) by which the 
positions and grades of the cuts and fills are marked for the 
contractor. 

4. The boundary lines of all real-estate parcels to be ac- 
juired are run out and connected with the final line. 

5. The final cross sections are drawn up from the data 
obtained by slope staking. 

6. The final estimate is compiled by computing the quanti- 
ties of all items and estimating their probable unit costs. 

7. Finally, the contract drawings and specifications are 
made up. 

75. Contract drawings. The most important contract 
drawings are the plans. These are made up by tracing the 
preliminary-survey map in standard-size sections after all 
the items to be constructed have been indicated on it. The 
chief survey data included are: the location center line show- 
ing stations and curve data and the right of way and property 
lines. 

Usually the profile or profiles are placed on the same sheets 
as the plans. The profiles on each sheet refer to the section of 
line shown on that sheet. Elevations, rates of grade, and 
vertical curve data (see Chapter XVI) are shown on the 
profiles. 

Additional drawings include a complete set of cross sections 
showing quantities for every station or half station, standard 
drawings of typical features like typical finished cross sec- 
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tions, typical small structures, typical track or pavement. 
Special drawings of larger structures are included, but usually 
large buildings or large bridges are contracted for separately 
and, therefore, form a separate set of plans. 

76. Construction. During construction the engineer is 
required to see that the plans and specifications are followed. 
His duties are described in Chapter XV. 

When the grading operations are complete, the track or 
pavement must be staked out. Most of the field work for this 
operation is similar to the field work of staking out the original 
center line. The additional procedures required are covered 
in Chapters VIII, IX, XVI, and XVII. 


CHAPTER V 


SIMPLE CURVES 


ELEMENTARY RELATIONS 


77. A simple curve is a circular arc joining two tangents. 
It is always considered as limited by the two tangent points, 
and any part of it beyond these points is called the curve 
produced. The first tangent point, or the point where the 
curve begins, is called the Point of Curve, and is indicated by 
the initials P.-C. The point where the curve ends and the next 
tangent begins is called the Point of Tangent and is indicated 
by the initials P.T. 

Notation sometimes used on railroads are Beginning of 
Curve, B.C., and End of Curve, E.C. The notations recom- 
mended by the American Railway Engineering Association 
are Tangent to Curve, T.C., and Curve to Tangent, C.T., for 
the beginning and end of the curve, respectively. The terms 
P.C. and P.T. are used in this book. When accessible, these 
points are always occupied by the transit in the course of 
the survey, and the plug driven to fix the point is guarded not 
only by the usual stake bearing the number of the station, but 
also by another bearing the proper initials, the “degree’’ of 
the curve, and an R or L to indicate whether the deflection 
is to the Right or Left. 

48. A simple curve is designated either by the radius R or 
the degree of curve D. 

The degree of curve D is a measure of the sharpness of the 
curve; the sharper the curve, the larger the D. Three slightly 
different definitions of D are found in practice: ( 1) the metric 
definition used with metric measurements, § 104; (2) the arc 
definition often found in American highway practice, § 404; 
and (3) the definition generally used in American and British 
railroad and highway practice which ig stated in the next 

52 
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paragraph and, except where noted, is used exclusively 
throughout this text. 

The degree of curve D is an angle at the center, subtended by 
a chord of 100 ft. It is expressed by the number of degrees and 
minutes in that angle or in the 
arc of the curve limited by the 
chord of 100 ft. d 

The radius R and degree of 
curve D can be expressed in 
terms of each other. 

Let ab, Fig. 10, be a chord 
of 100 ft subtending an arc 
described with a radius a0 = R Fra. 10. 
from the center O. Then, by 
definition the angle bOa = D. Bisect the angle bOa by a 
line Og, and this line will also bisect the chord ab and be 
perpendicular to it; and in the right-angled triangle bgO 


bg = ObX sin 60g 


O 


or 


100 
re = Rsin3D ’ 


Hence, to find radius in terms of degree of curve, 


50 
R=— 4 
sin 3D @ 
or, approximately, 
2rR { 100 
360 D 
and 5730 
i p> (approx.) (5) 


where D is expressed in degrees. 
To find degree of curve in terms of radius: 


50 


R (6) 


sin 3D = 


It is the practice of English engineers to assume the radius 
at some round number of feet and calculate the degree of 
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curve, which is therefore fractional. In America, on the con- 
trary, the degree of curve is assumed at some integral number 
of degrees or minutes, and the radius deduced from this. 
With the sharp curves ‘pn electric railways, the radius is 
usually given. 

Example 1. What is the radius of a 3° 20’ curve? 


50 log 1.698970 
4D =1°40’ logsin 8.463665 


Ans. R = 1719.12 log 3.235305 


Thus, the second and third columns of Table I have been 
calculated, giving at once R or D in terms of the other. 
Example 2. What is the degree of curve when the radius is 
600 ft? 
50 log 1.698970 
R = 600 log 2.778151 


3D = 4° 46’ 48.73 log sin 8.920819 
Ans. D = 9° 33’ 87".46 


Hereafter, unless specially directed, when D is given, R is 
to be taken from Table I and vice versa. However, when D is 
required to the nearest second, equation 6 should be used. 

79. Stationing om curves. As stated previously, a 
station represents an increase in plus of 100 ft, and stationing 
is continuous throughout tangents and curves. Except where 
the line has been shifted from its original position, a station on 
a tangent is 100 ft long. On curves, however, the length of a 
station, although it still indicates an increase in plus of 100 ft, 
is measured, for convenience, in angular measure rather than 
in linear measure. 

On all curves and under any definition of D, a station is an 
arc having the angular length D. The increase in plus equiva- 
lent to a station is similarly defined. A fractional station is a 
fractional part of the arc defined, and it is expressed by the 
same fractional part of the increase in plus that corresponds 
to a station. 

Accordingly, if the definition of D which is standard for 
this text is used, on all curves a station is subtended by a 
chord of 100 ft, but the length of arc is slightly over 100 ft, 
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the amount increasing with the sharpness of the curve. In 
fractional stations the length of chord and the linear length of 
arc are both slightly greater than the number of feet used to 
indicate the increase in plus. 


Sta. 33 + 25 








i, Sta. 33 +0 
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Sta. 32+0 
Fre. 11. 


For example (Fig. 11), on a curve having D = 16°, an in- 
crease of plus of 100 ft (one station) will be an arc of 16°, 
the chord will be 100 ft long, and the arc will have a length of 
100.326 ft (Table IV). An increase in plus of 25 ft (¢ station) 
will be an arc of 4°, the chord will be 25.076 ft long (Table 
VII), and the are will be X100.326 or 25.0815 ft in length. 
The methods of computation are given later. 

80. The central angle of a simple curve is the angle at 
the center included between the radii which pass through the 
tangent points (P.C.) and (P.T.). It is therefore equal to 
the number of degrees contained in the entire arc of the curve 
between these points. The central angle will be designated 
by the Greek letter A (delta). 
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81. If two tangents, joined by a simple curve, are produced 
(one forward, and the other backward) until they intersect, 
the point of intersection, V (Fig. 12), is called the vertex or 
P.I., and the exterior or a angle which they make with 
each other is equal to the central angle, A. 

82. The length of curve L is the increase in plus from the 
P.C. to the P.T. 

By definition: 


ft” (7) 
D 


Example 1. What is the length of a 4° curve when the 
central angle is 29°? 





D = 4° and A = 29° {4)2000 
Ans. L =7 stations +25 ft 725 ft 


Note. When A or D are not in exact decimals of a degree, 
reduce both values to minutes before dividing one by the 
other. 

Example 2. What is the length of a 4° 20’ curve, when the 
central angle is 29° 35’? 


D = 260’ and A = 4775’ {?80)177500 
Ans. L = 6 stations +82.69 ft 682.69 ft 


To find the central angle in terms of the length and degree 
of curve: 
Rearranging equation 7 gives 


A hee 8) 
~ 100 ( 


Example 8. What is the central angle of a 5° curve 730 ft 


long? 


DF="5-; EV =*730, 5X730 _ 


36°.5 
Ans, A = 36°30’ 


To find the degree of curve in terms of the length and central 
angle: 
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Again, rearranging equation 7 gives 
D = 100= (9) 
Ai coals 


Example 4. What is the degree of a curve 8 stations long 
and having a central angle of 26° 40’? 


: 1600’ 
L = 800, A = 1600’, 100—— = 200’ 


800 
Ans. D = 3°20’ 


83. A subchord is any chord less than 100 ft. The nominal 
length, 6, of subchord is the increase in plus covered by the 
subchord. The length, c, of subchord is the actual length of the 
subchord. The subchord angle d is the angular length of arc 
subtended by the subchord. 

By definition: 


d = —-D (10) 


The expression for c is derived as follows. 
From equation 6, 


swap atlee 
sin > —— 9 
Similarly, 
: g 
sin 3d = OR (11) 


Dividing sin $d by sin 3D results in 


: Cry 
and i 
in 3d 
Peay weston (13) 
sin 3D 


When D does not exceed 3°, we may assume without serious 
error that the angles are to each other as their sines. Hence, 


d 
(Approx.) C= 100 (14) 


and 
c=b (approx.) (15) 
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In curves sharper than 3° per station, the error involved 
in this assumption becomes apparent and must be corrected. 

To compute the value of ¢ by equation 13 using logarithms 
requires arduous curvilinear interpolation. Since 6 is usually 
known, the following equation is used instead: 


c = b+ correction (16) 


The corrections are found in Table VII or may be more 
precisely computed as described in the next paragraph. 

84. The correction for any given subchord bears an almost 
constant ratio to the excess of are per station, whatever be the 
degree of curve. These ratios are shown in the following 
table for a series of subchords, and Table IV gives the length 


TABLE OF THE RATIOS OF CORRECTIONS OF SUBCHORDS 
TO THE EXCESS OF ARC PER STATION 














Nominal Nominal Nominal 
Length of Ratio Length of Ratio Length of Ratio 
Subchord | Subchord Subchord 
0 .000 35 . 307 70 . 356 
5 .050 40 . 336 75 .327 
10 .099 45 . 358 80 . 287 
15 .147 50 .374 85 - 235 
20 .192 55 . 383 90 . 169 
25 . 234 60 383 95 .092 
30 .273 65 374 100 .000 











of actual are per station for various degrees of curve. Sub- 
tracting 100, we have the excess of arc per station, and, multi- 
plying this excess by the ratio corresponding to the nominal 
length of subchord, we obtain as a product the proper correc- 
tion for the subchord. Both this excess and the ratio are 
also given in Table VII. 
We observe that the largest correction is required by a sub- 
chord between 55 and 60 ft in length. 
Example 1. It is proposed to run a 14° curve with a 50-ft 
chain. What correction must be added to the chain? 
pes ° ay 70 beh ee 50 o = 90 — Q0 , 
D=14°, 3D=7°, errs ad = 3°.5 = 3°30 
By equation 13, 
*. ° , 
cppudOGe oa = ponGs 
sin 7° 
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Ans. Correction = 0.093 
or, by Table VII, Length of arc = 100.249 





Excess of are = 0.249 
and, by Table VII, Ratiofor 50ft = 0.374 
Ans. Correction = product = 0.093 


Example 2. The P.C. of an 18° curve is fixed at +55 ft 
beyond a station. What are the nominal and true values of 
the first subchord, and what is the proper deflection? 

Nominal value = 100—55 = 45 ft 
45 


Deflection = 3d = —X9° = 4°.05 = 4°03’ 
eflection = 9 100° 
and, by equation 13, 
in 4° 03’ 
True value = c = 100 = 45.148 
sin 9 
or, by Table VII, Excess of are = 0.412 
and, by Table VII, Ratio for 45 ft = 0.358 





Correction = product = 0.147 
Ans. True value of subchord = 45.147 


Example 3. The last deflection at the end of a 40° curve is 
found to be 6°30’. What are the nominal and true values 
of the last subchord? 

Here 4d = 6° 30’, and, by equation 14, 


6.5 
Nominal value, ¢ = 10055 = 32:5 ft 


By equation 13, 





in 6° 30’ 
True value, c = 109 -t = 33.098 ft 
sin 20° 
or, by Table VII, Excess of arc 40° = 2.060 
and, by Table VII, Ratio for 32.5 ft = 0.290 
Correction = product = 0.597 
Nominal value of subchord = 32.5 





True value = 33.097 
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Table VII precludes most of the labor involved in computing 
the corrections to subchords. 

85. The tangent distance 7’ is the distance from the vertex 
to either tangent point; thus, in Fig. 12, T = AV = VB. 

86. The long chord C is the line AB joining the two tangent 
points. 

87. The middle ordinate M is the line GH joining the middle 
point of the long chord with the middle point of the curve. 

88. The external distance H is the line HV joining the 
middle point of the curve with the vertex. 

We observe that both the middle ordinate M and the 
external distance # are on the radial line joining the center 
O with the vertex V and that this line is perpendicular to 
the long chord C; also, that it bisects the central angle 
AOB = A and its supplement AVB (Table XLI, 14). We 
also observe that the angle VAB = VBA = 3A (Table XLI, 
20); and, if in the figure we draw the two chords AH and BH, 
the angle BAH equals one-half the angle BOH, or BAH = 
ABH = 4A (Table XLI, 18); also, the angle VAH = VBH = 
tA. 

89. If we have laid out two tangents on the ground inter- 
secting at V and have measured the angle A between them, we 
may then assume any other one of the elements of a simple 
curve before mentioned and calculate the rest. If we assume D, 
for instance, we then find R by equation 4 or by Table I. 

Then, having A and R, we may proceed to calculate the 
other elements as they are needed. 

90. To find the tangent dis- 
tance in terms of the radius and 
central angle: 

In the right-angled triangle 
VOA, Fig. 12, we have 


VA = OAX tan VOA 
T = Rtan3a (17) 


> 
S! 


ps 


Otherwise, approximately: 

In Table ITI, opposite the cen- 

Fra. 12. tral angle, take the value of 

T for a 1° curve, and divide it 

by the degree of curve D. If desirable, add the correction 
taken from Table II, corresponding to D. 
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Example. What is the tangent distance of a 4° curve with 
a central angle of 30°? 


D=4°, R(TableD log 3.156151 
A = 80°, 3A = 15° log tan 9.428052 


Ans. T = 383.89 ft log 2.584203 
Otherwise: 
By Table III, 4)1535.3 
Approximate answer, 383.82 
Correction from Table II, 0.08 
Ans, f= 383.90 ft 


91. To find the long chord C, in terms of radius and central 
angle: 


In the right-angled triangle BOG, Fig. 3, we have 


BG = BOX sin BOG 
or 
30 = Ran SA 


C = 2RsinZA (18) 


But, in case A can be divided by D without a remainder, 
that is, if the curve contains an exact number of stations 
(not exceeding 12), we may take the long chord at once from 
Table IV. 

Ezample. What is the long chord of a 3° 20’ curve with 
a central angle of 36° 40’? 





2 log 0.301030 

D =" 3° 20’, Rabel) log 3.235305 

A = 36°40’, 4A = 18° 20’ log sin 9.497682 

Ans. C = 1081.48 ft log 3.034017 
Otherwise: 5 
NO O70 

—= - = 11 stations 

ID a Bee 


and, by Table IV, C = 1081.48. 
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92. To find the middle ordinate M, in terms of radius and 
central angle: 
From Fig. 12, 


M = GH = OH-OG = R-RoosiA 
or 
M = R(1— cos#A) 


and, since the versine = 1— cosine, 
M = Rvers3A (19) 


But, in ease A can be divided by D without a remainder, 
that is, if the curve contains an exact number of stations 
(not exceeding 12), we may take the middle ordinate at once 
from Table VI. 

Example. What is the middle ordinate of a 4° 30’ curve 
with a central angle of 40° 30’? 


D = 4°30’, R(Table I) log 3.105022 
A = 40°30’, 4A = 20° 15’ log vers 8.791049 
Ans. M = 78.717 ft 1.896071 
Otherwise: 
AS a AES. 9 stations 
Dienst Lito y enn vk 


and, by Table VI, M = 78.717. 

For additional formulas for the middle ordinate, see Chap- 
ter XVI, Track Laying. 

93. To find the external distance H, in terms of radius and 
central angle: 

From Fig. 12, 


E = VH = VO—HO 


R 1 
fe See ee 
COs 5A COS 3A 


and, since the ex sec = secant—1, we have, 


E = Rexsec3A (20) 


or 


Otherwise, approximately: 
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In Table III, opposite the central angle, take the value of 
E for a 1° curve, and divide it by the degree of curve D. 
If desirable, add the proper correction corresponding to D, 
taken from Table II. 





Fie. 18. 


Example. What is the external distance # of a 7° 30’ curve 
when the central angle is 60°? 


D= 7°30’, R (Table 1 log 2.883371 
A = 60°, 3A = 30° log ex sec 9.189492 
Ans. HE = 118.27 ft log 2.072863 
Otherwise: 
By Table III, 7.5)886.38 
Approximate answer, 118.184 


Correction for D = 7° 30’ (Table II), 0.084 





Ans. HE = 118.268 


94. But, instead of assuming D or R, we may prefer or 
may find it necessary to assume some other element of the curve, 
the central angle being given. 

If we assume the tangent distance, then: 

95. To find the radius and degree of curve in terms of the 
tangent distance and central angle. 

From equation 17, and by Table XLII, 40, we have 


R=T cot 3A (21) 
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Otherwise, approximately: 


Divide the tangent of a 1° curve found opposite the value 
of A in Table III, by the assumed tangent distance; the 
quotient will be the degrée of curve in degrees and decimals. 

Example. The exterior angle at the vertex is 54°, and the 
tangent distance must be about 700 ft. What will be the 
degree of curve? 





A = 54°, 4A = 27° log cot 0.292834 
T = 700 2.845098 
log R = 3.137932 


Ans. By Table I, D = 4° 10’+ 
Otherwise: 


By Table III, 700)2919.4 
Ans. “D = 4°10" 15” 4.1706 


But, as it is difficult to lay out a curve when D is fractional, 
we discard the fraction and assume 4° 10’ as the value of D. 
This may require us to recalculate the value of 7, which we 
do by equation 17 and find 7’ = 700.8 ft log 2.845596. If the 
other elements are required, they may be calculated by equa- 
tions 18, 19, 20, or directly from T and A, as follows: 

96. To find the external distance E, in terms of the tangent 
distance and central angle. 

In Fig. 18 we have given AOB = A and AV = 7, to find 
HV =E. The angle VAH = HAG = ia, 

In the triangle AVH, 


AV:HV::sin VHA:sin VAH 
Now, 


VHA = 180°—AHO = 180°—(90°—1a) = 90°+2a 
sin VHA = sin (90°+4A) = costA 


Substituting 
i T:E ::cos ¢A:sin $A 


and solving, we have 
E =Ttan}A (22) 
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Ezample. The angle at the vertex being 54° and the tan- 
gent distance 700.80 ft, how far will the curve pass from the 
vertex? 

T = 700.80 (from last example) 2.845596 
A = 54°, 4A = 13° 30’ log tan 9.380354 


Ans. E = 168.25 ft log 2.225950 


(For the formulas by which to find the long chord and 
middle ordinate in terms of the tangent distance and central 
angle, see Table XLIII, 12 and 13.) 

97. Again, it may be necessary to assume the external dis- 
tance in order to determine the proper degree of curve. 

To find the radius and degree of curve in terms of the external 
distance and central angle: 

By equation 20, 

R= eet ire. (23) 
ex sec GA 
Otherwise: 


In Table III divide the external distance of a 1° curve, 
opposite the given value of A, by the assumed external dis- 
tance; the quotient is the degree of curve required. 

Example. The angle at the vertex being 24° 30’, the curve 
is desired to pass at about 65 ft from the vertex. What is 
the proper degree of curve? 


E 
A = 24°30’, 4A 


I 


65 log 1.812913 
12° 15’ log ex sec 8.367345 


log R = 3.445568 
Ans. By Table I, D = 2° 03’+ 


Otherwise: 
By Table III, 65)133.50 


Ans. D =.2° 03’ 14” 2° .0538 


We may therefore assume a 2° curve, unless required by 
the circumstances to be more exact, when we might use a 
2° 03’ curve. Assuming a 2° curve, we have, by equation 20, 


E = 66.75 log 1.824460 
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Having decided on the degree of curve, we may calculate the 
remaining elements by equations 17, 18, and 19. But, if 
desired, we may calculate them directly from EH and A. 

98. To find the tangent distance, in terms of the external 
distance and central angle: 

From equation 22, and by Table XLII, 40, 


T = EcotyA (24) 


Example. The angle at the vertex is 24°30’, and the 
curve passes 66.75 ft from the vertex. How far are the 
tangent points from the vertex? 


EH = 66.75 (from last example) log 1.824460 
A = 24°30’, 4A = 6°07’ 30” log cot 0.969358 


Ans. T = 622.04 ft 2.793818 


LOCATION OF CURVES BY DEFLECTION ANGLES 


99. Except under unusual conditions, the best procedure 
for locating a curve is the method of deflection angles. This 
method is based chiefly on the following geometric principle. 

An angle between two chords, or between a chord and a tan- 
gent, which intersect at the circumference of a circle, is measured 
by one-half the intercepted arc. 

In accordance with §§ 73 and 74, the procedure for staking 
out the curve begins after the tangent previous to the curve 
(the back tangent) and the tangent following the curve (the 
forward tangent) have both been marked by P.O.T.’s and 
the back tangent has been staked out in stations to a point 
within 100 ft of the probable position of the P.I. 

100. The 12 steps followed in staking out a curve by 
deflection angles. The steps for locating a curve by deflec- 
tion angles are here described. They are illustrated by the 
computations required for an actual 16° curve. The resulting 
field notes and a sketch of the curve are shown in Fig. 14. 

1. Set the P.I. Two hubs are set on the back tangent as 
near together as possible but so that the P.I. will fall between 
them, and a string is stretched between the two tacks. A 
hub is then set under the string in line with the forward 
tangent. 
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2. Measure the plus of the P.I. Measure the plus from the 
last station on the back tangent. to the P.I. Assume the 
resulting plus of the P.I. to be 65+-27.42. 

3. Measure A. The deflection angle between the two tan- 
gents at the P.I. is measured by repetition. Usually the 
interior angle is turned four times (2 D.R.) and the result 
subtracted from 180°. Assume A = 72°35/ 15”. 

4. Compute 7. T = R tan ZA, and check by special table 
(§ 90). \ 

log R = 2.555415 By Table III, 16)4207.90 
log tan 36° 17’ 37.5 = 9.865936 Approx. answer, 262.99 


log T = 2.421351 Corr. Table], -+ . 0.85 





T =263.85 T = 263.84 


5. Compute the plus of the P.C. T is subtracted from the 
plus of the P.1. 
Plus of P.I. = 65+27.42 
Less T = — 2 63.85 


Plus of P.C. 


62+-63 .57 


6. Compute ZL. L = 100A/D. Convert A and D into 
minutes and decimal parts of a minute. 


4355.25 
L= 10— = 453.67 


7. Compute the plus of the P.T. L is added to the plus of 
the P.C. 
Plus of P.C. = 62+63.57 
Add L = 4 53.67 


Plus of P.T. = 67+17.24 


8. Compute the list of deflection angles. If possible the 
curve is staked out with the transit at the P.C. The proper 
deflection angle is turned from the P.I. (that is, from the 
forward direction of the back tangent) to each station on the 
curve, and chords are measured, first from the P.C. to the 
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first station on the curve, then from the first station to the 
second station, and so on. Even if it is impossible to stake 
out any or all of the curve in this manner, the list of deflection 


FORMt OF TRANSIT BOOK 








Computations 
Oe Ly) Ser eereers A = 4320'4 35.25"= 4355.25" 
L tan S6°I7" 32.5" = 3.865936 OD 960' eD= £€80' 
1 AOS os = 24273557 L= 453.67 
T = 263.85 96.0 (R55 25 
Plus PI. = 6527. 42 S384 
Plus PC = 6263. 57 T5595) 
Z = 453.67 480 
Plus PT =67/7. 28 ae 
288 
oss 
576 
“650 
Plus peste = 6300.00 672 
as ~ = § 
o = Bee b’= @22¢ 
480 £80 
25744 Brs2- 
14572 _, , 6838 
Bd = 1748640", 4d’ = 82.7520" 
Bd = 2°5¢' 52 ed‘= 1° 27°45" 


S¥ St 52 
Deflec. of PT. = 38" 17? 37 





angles is always computed since (as is shown later) they are 
always used. 

The increase in plus from the P.C. to the first station on the 
curve is computed first. This is 6, the nominal length of the 
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subchord measured from the P.C. In this case, the first 
station on the curve is 63-+-0. 


Plus of first station = 63-+00.00 
Less plus of P.C. = 62+63.57 


b 


36.43 


The increase in plus from the last station on the curve 67+0 
to the P.T. at 67+17.24 is computed. Call this b’. 


Plus of P.T. = 674+17.24 
Less plus of last station = 67+00.00 


b= 17.24 
The angle of the are subtended by the subchord b extending 
from the P.C. is d. The deflection angle at the P.C. is meas- 
ured by one-half this arc. 


From equation 10, 


3d = 3——D (25) 


This equation may also be written: 
4d = 0.3bD (26) 


where d is in minutes and D is in degrees. 
Compute $d, the deflection angle at the P.C. to the first 
station on the curve. 





4d = 4 S900 = 174.864 minutes 
gd = 2° 5A! 52” 


The angle of the are from the first station on the curve to 
the second station on the curve is D. The increase in the 
deflection angle from the first to the second station is 5D, 


etc. , 
3D =.8° 
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Compute the remaining deflection angles by adding 4D 
successively. 


Station Deflection 
P.C, 
63% 2° 54’ 52” 
* +8 
64 10 54 52 
65 18 54 52 
66 26 54 52 
67 34 54 52 


Compute the increase in the deflection angle from the last 
station to the P.T. 


ay 31724 
2 2 100 


gd’. = 1° 22! 45” 


960’ = 82.752 minutes 





Compute the deflection angle of the P.T. by adding 3d’ 
to the deflection angle of the last station. 


67 34° 54’ 52” 
+ 1 22 45 


P.f.. 86° 177 37” 


The deflection angle to the P.T. should equal A as the are 
subtended equals A. Since 3A = 36°17’ 37’’.5, the list..of 
deflection angles checks. The deflection angles are com- 
puted with the high precision to obtain this check. They are 
not set with this precision. 

Compute the true length c and c’ of the subchords. 


c = b+ correction 


bis") 486.43 ft b= 17.24 ft 
Corr. (table) = + 0.10 ft Corr. (table) = + 0.05 ft 
c= 36.53 ft Ce=— 17-29 ft 


9. Set the P.T. Set a hub in line with the P.O.T.’s on the 
forward tangent at a distance 7 (263.85 ft) from the P.I. 

10. Set the P.C. Set a hub on line with the P.O.T.’s on 
the back tangent and at the correct distance (63.57 ft) from 
the station previous to the P.C. (sta. 62+00). 
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11. Run curve. Set up at the P.C. Orient the transit by 
pointing the P.I. with the vernier at zero. Turn off the de- 
flection angle to the first station as nearly as may be set on 
the vernier (2° 54’ 45’). Measuring c (36.53 ft) from the 
P.C., set a hub on line (sta. 63-++0). 

Turn to the next deflection angle (10° 54’ 45’), and, meas- 
uring 100 ft from the first station (63-++0) set the second 
station (64-++0) on the line established by the transit. 

Continue setting each station by measuring 100 ft from the 
previous station and taking alignment from the transit which 
has been set each time at the proper deflection angle for the 
station being established. 

12. Check at the P.T. for line and distance. When the last 
station has been set (sta. 67-++0), measure the distance from it 
to the P.T. already located. Assume that this.is 17.16. The 
difference between this and c’ is the error in distance. 


CH= 7 20t 
Meas. = 17.21 ft 


Diff. = 0.08 ft 


Turn off the deflection angle of the P.T., and measure how 
far to one side of the P.T. the line falls. ‘This is the error in 
line. . Assume 0.06 ft. 

The total error is the square root of the sum of the squares 
of the errors, or 0.10 ft. This value divided by the total length 
of the survey is the measure of accuracy. In most work of 
this kind the accuracy should be better than 1 part in 3000. 
The total length of the survey is 27'+-L. 


0.10 1 


Accuracy = 03137 — 9814 


When a Setup on the Curve is Necessary 


101. Geometry. In Fig. 15, it may be noted that 
ZVPB = 4% are PAB 


ZMAB = 3 arc PAB 
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(The last statement is obvious when a tangent is constructed 
at A.) 
ZMAB = ZVPB 


But ZVPB is the d&flection angle of B. Therefore, if a 
transit is placed at A and oriented by sighting P with the 
vernier at zero and the telescope reversed, the direction to B 
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can be obtained by laying off its deflection angle and sighting 
with the telescope direct. 
In Fig. 16, it may be noted that 


ZDBC = ZAPC 


(Both are measured by } the same arc, ABC.) 

But 4 APC represents the difference in the deflection angles 
of AandC. Therefore, if a transit is placed at B and oriented 
by sighting A with the vernier at the deflection angle of A 
and with the telescope reversed, the direction of C can be 
found by laying off its deflection angle with the telescope direct. 
This process adds the difference of the deflection angles of A 
and of C to the deflection angle of A. 

It should also be noted that these processes are reversible. 
For example, in Fig. 16, the transit might have been oriented 
by sighting C with the telescope direct and the vernier set 
at the deflection angle of C. Then the direction of A can be 
established by turning to the deflection of A and sighting with 
the telescope reversed. 

If we assume that the deflection angle of the P.C. is zero 
and that forward sights are made with the telescope direct 
and backward sights with the telescope reversed, a general 
rule may be stated. 
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When the transit is set up on the curve, if the vernier reads 
the deflection of one curve point sighted, it will read the 
deflection of every curve point sighted. A transit so placed 
and oriented is said to be oriented to the curve. 

It should be further noted that, when the transit is oriented 
to the curve, if the vernier is set at the deflection of the point 
occupied by the transit, the line of sight will be tangent to the 
curve. 

When it is suspected that the transit is out of adjustment, 
instead of reversing the telescope when making a backsight, 
180° is added to the usual vernier setting. 

102. Procedure. By using these principles, it is possible 
to run a curve which is only partly visible from the P.C. 
When the curve has been run 
as far as possible, the transit is 
moved forward to another point 
on the curve, oriented, and the 
curve continued (Fig. 17). The 
points at which the transit is set 
up are called Points on Curve 
or P.O.C.’s... Usually stations 
are used. P.O.C.’s are marked 
in the notes by circles with dots 
in the center. When a point 
other than a station is chosen, 
the most desirable plus is selected, and the deflection angle 
and the subchord lengths are computed. The transit is 
usually oriented at a P.O.C. by sighting another P.O.C. 
rather than any convenient station. 

Some engineers prefer not to use the original set of deflec- 
tion angles when a transit is moved forward, but instead elect 
to set the vernier so that it will read zero on the local tangent. 
This is accomplished by pointing at any back station with the 
vernier set at the difference between the deflection angle of 
that station and the deflection angle of the station occupied, 
but turned in the opposite direction to the direction of the 
curve. For example, on an 8° left curve when the transit is 
set up at station 65 and is to be sighted at station 62, the 
vernier would be set at 12° clockwise. Hach succeeding for- 
ward station can be set by turning a multiple of }D from the 
tangent. 
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103. The stations on a curve may be located by deflections 
only, without linear measurements. For this purpose two 
transits are set at two transit points on the curve, as A and 
B, Wig. 18, and the proper deflections for any station are 
made with both instruments, the station being located by 
finding the intersection of the two lines of collimation. 

This method should be con- 
fined to sharp curves with large 
A’s so that the angle of intersec- 
tion between the two lines of 
sight shall be large enough to 
give strong positions for the 
stations. 

104. Metric curves. In the 
metric system, the station length 
is 10 meters on the tangents and 
one-half the are subtended by 
20 meters on the curves. The 
degree of curve Dm is the angle of are subtended by one 
station. 

The tape ordinarily used is 20 meters long (65.617 ft), and, 
since the odd-numbered stations are unnecessary for most 
work, they are seldom set. Curves are staked out by chords 
20 meters long, each of which subtends exactly two stations. 
Accordingly the deflection angle for each chord is equal to the 
degree of curvature D,,. 








Fre. 18, 





Therefore, 
10 
sin. De = —— 
Rm 
and 
Fone $0 (27 
~ sin Dm ) 


The values for R,, given in Table XI have been computed 
by this formula and the values for Mm and tm similarly. 

If values are required for curves not listed, Table I can be 
used with certain changes. For example, the values for R 
have been computed as follows: 
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Equation 27 can be solved by this formula (and, hence, 
the value of R,, determined) by entering Table I with twice 
the value of D,, and dividing the result by 5. 

The same procedure will give approximate values for Tm, Cm, 
and M,, in Tables III, IV, and VI, respectively. The values 
are not exact as this procedure involves the assumption that 
the following approximate formula is correct: 

«4 
aie =% (approx.) 





sin D 

105. Relining an existing curve. Siring lining, described 
in Chapter XVII, is the best method for relining existing 
track. When it is necessary to establish a truly circular curve 
that will coincide closely with an.existing nearly circular 
curve, equations 23 and 24 are particularly useful. 

Produce the center lines of the tangents of the curve to an 
intersection V, and there measure the angle A. Bisect its 
supplement AVB, and measure’ the distance on the bisecting 
line from V to the center line of the track. This will give 
VH = E. Then, R and T may be calculated, and the distance 
T laid off from V on the tangents, giving the tangent points 
A and B. 

Or, select the point which appears to be the P.C. of the 
curve. Measure VA = 7.. Solve equation 21 and, taking 
D to the nearest minute, solve equation 17 for T. Reline 
the curve, and, if the P.C. has been well selected and if the 
curvature is regular, the new stakes should agree fairly well 
with the original center line. 

(For the formulas by which to find the long chord and middle 
ordinate in terms of E and A, see Table XLIII, 26 and 
27.) 

Again, having only the central angle given, we may assume 
the long chord or the middle ordinate and from either of 
these and the central angle calculate the remaining elements. 
Or, finally, the central angle being wnknown, we may suppose 
any two of the linear elements given and from these calculate 
the rest. As such problems have little practical value, discus- 
sion of them is omitted. The requisite formulas for their 
solution are given in Table XLII. 
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LOCATION OF CURVES BY OFFSETS 


106. A curve may be located by linear measurement only, 
without angular deflections. There are four general methods, 
namely: ‘\ 

By offsets from the chords produced. 
By offsets from the tangents. 

By middle ordinates. 

By ordinates from a long chord. 


To Locate a Curve by Offsets from the Chords Produced 


When the curve begins and ends at a station. 

107. Let A, Fig. 19, be the P.C. of a curve taken at a sta- 
tion, to locate the other stations, a, b, c, etc. The chords Aa, 
ab, be, ete., each equal 100 ft, and, since the angle AOa = D, 
the angle VAa = 3D. Taking an offset ar = t, perpendicular 
to the tangent, we have in the right-angled triangle Aza: 


az = AaX sin$D 


or 
t = 100sin3D (28) 
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The offset t is called the tangent offset, and its value is 
given for all degrees of curve in Table I, column 4. Natural 
sines should be used in solving this formula. 
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If the curve were produced backward from A, 100 ft to 
station z, the offset zy would equal ¢; and, if the chord 2A 
were produced 100 ft from A to a’, the offset a’x would also 
equal t. Therefore the distance aa’ = 2t, and the angle 
aAa’ = D. So, if we produce the chord Aa 100 ft to b’, 
the distance bb’ = 21. 

To lay out the curve, stretch the tape from A, keeping 
the forward end at a perpendicular distance ¢ from the line 
of the tangent to locate station a. Then find the point 6’ 
by stretching the tape from a in line with a and A, and, then, 
stretching the tape again from a, fix its forward end at a dis- 
tance from 6’ equal to 2. This gives station b. In the same 
way find other stations. 

When the last station, as d, of the curve is reached, produce 
the curve one station farther to e’’. Then the tangent through 
d is parallel to the chord ce’’, and, if ¢ is laid off from c and 
e’”’ perpendicular to this chord, the tangent c’’e is found. If 
the work has been correctly done, the tangent c’’e will coincide 
with the given tangent VB. 

When the curve begins and ends with a subchord: 

108. Let A, Fig. 20, be the P.C. and Aa the first subchord 
=c, and the angle VAa = 4d, and let the offset az = ti. 
Then, 

ty = csin 4d (29) 


Producing the curve backward to the nearest station z, 
we have another subchord Az = (100—c), and the angle 
yAz = 4(D—d), and, putting the offset yz = t, 


tg = (100—c) sin 3(D—d) approx. (30) 


Laying off the two subchords on the ground and making 
the proper offsets ¢; and t at the same time, we fix the posi- 
tion of the two stations a and z on the curve; after which we 
may produce the chord za 100 ft to b’ and proceed as before 
until the curve is finished. 

If the curve ends with a subchord, as dB, produce the 
curve to the first. station beyond B, as e’’, then calculate 
the two offsets for the two subchords Bd and Be”, and lay 
them off from d and e”’ perpendicular to the supposed direc- 
tion of the tangent. If the line d’’e so obtained coincides with 
the given tangent VB, the work is correct. 
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109. We may find the values of t; and tf otherwise than by 
the preceding formulas, for in Fig. 19 we have shown that the 
angle aAa’ = aOA, and, since these triangles are isosceles, 
they are similar; therefoge: 


Fig. 19, OA:Aa:: Aa:aa’ 


R:100 :: 100: 2¢ 





(31) 
and, similarly, Fig. 20, ; 
c 

= 78H 

1 OR (32) 
Hence: 

ty:¢ 2:07:(100)2 

; Ae ct 93 

+= oor ~ 


Thus, #1 may be found by multiplying the square of the 
subchord by the value of ¢ given in Table I, and dividing the 
product by 10,000. As c is always less than 100, so ty is always 
less than t. 

110. In equations 29, 32, and 33 it is customary to use the 
nominal values of the subchord, and this can produce no error 
in t1 exceeding 0.005, when the degree of curve does not exceed 
10°. In the case of a very sharp curve, formula 30 is preferable. 
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To Locate a Curve by Offsets from the Tangents 


When the curve begins ot o station: 

111. Let A, Fig. 21, be the P.C. at a station. Then the 
next station a is located by the tangent offset t, taken from 
Table I, or calculated by equations 28, or 31. To calculate 
the distances and offsets for the following stations, b, c, ete.,in 
the diagram, draw lines through the points }, c, etc., parallel 
to the tangent AV, intersecting the radius AO in g’, -g’’, etc., 
and draw the lines by’, cy’’, etc., perpendicular to the tangent. 
Then, 

Ay’ = g'b = Obsin bOA 


or 
Ay’ = R sin 2D 
Ay’ = Rsin 3D (84) 
and etc. ete. 
Also, 
by’ = g/A = Ob vers bOA 
or 
t’ = R vers 2D 
t”’ = R vers 3D (35) 
and etc. ete. J 


But these calculations may be avoided, for, as twice ag 
equals the chord of two stations, so twice bg’ equals the chord 
of four stations, and twice cg’’ 
the chord of six stations, and so 
on. So also, as Ag is the middle 
ordinate of two stations, Ag’ is 
the middle ordinate of four, and 
Ag’ the middle ordinate of six 
stations, etc. Hence, the rule: 

The distance on the tangent 
from the tangent point to the 
perpendicular offset for the ex- 
tremity of any are is equal to 
one-half the long chord for twice 
that arc; and the offset from the 
tangent to the extremity of any arc 
is equal to the middle ordinate of twice that are. 

The long chords and middle ordinates may be taken from 
Tables IV and VI for 2, 4, 6, 8, etc., stations, when the P.C. 





Fig. 21, 
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is at a station, or for 1, 3, 5, 7, etc., stations, when the P.C. 
is at +50, or half a station. 

If the offsets from the flrst tangent AV prove inconveniently 
long, the second half of the curve may be located from the other 
tangent BV, beginning at the point of tangent B, and closing 
on a station located from the first tangent. 

When the curve begins with a subchord: 

112. If d = the angle at center, subtended by the first 
subchord, we have for the distances on the tangent (Fig. 22). 


Ay =Rsind 
Ay’ = R sin d+D) 





Ay” = Rsin (d+2D) See) 
etc. etc. 
Fria. 22. 
and, for the offsets (Fig. 22), 
ty = R versd 
U = R vers (d+D) 
wos (37) 
t”’ = R vers (d+2D) 
etc. ete: 


If the first subchord equals 50 ft (nominal), then d = 4D, 
and the Tables IV and VI may be used as explained previously. 
These tables may be used in any case, by adopting a tem- 
porary tangent through any station, laying off the distances 
on this, and making the offsets from it. 

When a curve is located by offsets, the chain should be car- 
ried around the curve, if possible, to prove that the stations 
are 100 ft apart. 
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To Locate a Curve by Middle Ordinates 


When the curve begins and ends at a station: 

113. In Fig. 23, let A be the P.C. at a station, and let 
a and z be the next stations on the curve either way from A. 
Then, since zy = az = t, the chord aa is parallel to the tangent 
AV, and Ag = t. Hence, having any two consecutive stations 
on the curve, as z and A, we may lay off the tangent offset 
t from A to g on the radius and find the next station a 100 ft 
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from A on the line zg produced. Then if ah = ¢ is laid off 
on the radius aO, a point on the line Ah produced and 100 ft 
from a will be the next station 6. 

When the end of the curve is reached, the tangent is found 
precisely as described in the method by chords produced, 
§ 107. 

In Fig. 23, since vers AOa = gA/Oa = t/R, we have 


t = R vers D (38) 


When the curve begins or ends with a subchord: 

114. Let A, Fig. 24, be the P.C. and a and z the nearest 
stations. Then, Aa =, the first subchord, and aOA = d, 
and, by analogy, we have from the last equation, if az = t1 
and zy = ta, 


ih Si d 
1 vers } (39) 


tg = R vers (D—d) 


or equation 33 may be used if preferred. 
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Having found the two stations, a and z, on the curve, lay 
off from the forward station a, ah = t on the radius, and so 
continue the curve as previously described. 

When the end of theycurve is reached, produce the curve 
to the next station beyond, and find the tangent by offsets 
as described in a previous method, § 108. 


To Locate a Curve by Ordinates from a Long Chord 


When the curve begins and ends at a station: 

115. In Fig. 25 draw the long chord AB joining the tangent 
points, and from this draw ordinates to all the stations on 
the curve. We then require to know the several distances 
on the long chord Aa’, ab’, b’c’, etc., and the length of ordi- 
nate at each point. 

Let C = the long chord AB, then equation 18: 


C = 2Rsin 4A 


If a is the second station and 7 next to the last on the curve, 
jom ai, and let the chord ai =C’. Then, since the are 
Aa =ik = D, the angle at the center subtended by C’ 
is (A—2D). 


C’ = 2R sin 4(A—2D) 
Again, if we join b and h, the next stations, and let bh = C’”: 
C” = 2R sin }(A—4D) 


and so on for other chords. 
Since Aa’ = ki’, C = C’+2Aa’: 


Similarly, 


a pli C’—C" 





Thus, we continue to find the distances up to the middle 
of the curve, after which they repeat themselves in inverse 
order. 
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116. When the long chord C subtends an even number 
of stations (as 10 in Fig..25), the middle ordinate of the 
chord is the ordinate of the middle station, as e. Since the 
chords AB and ai are parallel, the ordinate a’a or 4’i is evi- 
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dently equal to the difference of the middle ordinates of these 
chords. 

Let M, M’, M”, etc., be the middle ordinates of the chords 
C, C’, C”’, etc. Then, equation 19: 


M = Rvers4A 
M’ = R vers 3(A—2D) 
M” = R vers 4(A—4D) 


etc. etc. 


and 
va=tv1% = M—M’ 


bb = hh = M-M" 
etc. etc. etc. 


The values of the chords and middle ordinates may be 
taken at once from Tables IV and VI. 

Example. It is required to locate a 4° curve of ten stations 
by offsets from the long chord. 
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By Table IV: 
Sta. Dif. 3Dif. 


i — 7 
a webs ‘194.059 | 97.030 =a'b’ =7'h’ 
4 cil bs 398. 789 196.962 98.481 =b’c’ =h’g’ 
> | C¥=199 978 | 198-904 | 99.452=c'd’=9'f" 
6. |r =000.000 | \199-878x| 092029=a'e' =f’ 


From Table VI: 


Sta. Diff. 
" of sa gate 30.902 =ava=vt 
8 M =55.500 ey 
it 55.094 =b/b=h’h 
6 M™~ =31.308 ae 
ill 72.459 =c’c=g’g 
4 M™ =13.943 yeaa 
iv 82.912 =d'd=f'f 
2 MY= 3.490 36.402 aie 
0 MY = 0.000 


117. When the long chord C subtends an odd number of 
stations, the middle ordinate will fall halfway between two 
stations and need not be laid off. 

If the ordinates near the middle of the curve prove incon- 
veniently long, we may subtract M—M’, M’—M”, etc., 
and so obtain in Fig. 25 a’a, 6’’b, c’’c, etc. We then lay 
off Aa’, a’a, ab’’, b’’b, bc’’, etc., turning a right angle at every 
point. The chain should be carried along the curve at the 
same time to make the stations 100 ft apart. 

Example. It is required to locate a 10° curve of nine 
stations by offsets from the long chord. 

By Table IV, similar to the foregoing, the long chords for 
9, 7, 5, 3, 1, and O stations are, respectively, 811.314, 658.105, 
484.900, 296.962, 100.000, and 0.0; the half differences are, 
respectively, 76.604, 86.603, 93.969, 98.481, and 50.000 which 
equal Aa’, ab’, b’c’, c’d’, and d’e’. 

Likewise, by Table VI, the middle ordinates for 9, 7, 5, 3, 
1, and 0 stations are, respectively, 168.029, 103.750, 53.750, 
19.548, 2.183, and 0.0; the differences are 64.279, 50.000, 
34.202, 17.365, and 2.183, which equal a’a, b’’b, c’’c, ete. 

118. The tables can be used equally well when the curve 
both begins and ends with a half station and also to locate 
half-station points throughout the curve, but in the latter 
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case the numbers are taken from consecutive columns of the 
tables instead of from alternate columns, as in the previous 
examples. 

When the curve begins or ends with any subchord: 

119. Let A, Fig. 26, be the P.C., Aa = c the first subchord, 
and d the angle it subtends at the center. In the diagram 
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draw the long chord AB and the ordinates to each station, 
and through each station draw a line parallel to AB, and let 
AOB =A. 

Since the angle VAB = $A and VAa = 4d, the angle aAB 
= 4(A—d). The deflection angle from the subchord Aa pro- 
duced to the chord ab is (d+D); the deflection angle between 
any two consecutive chords of 100 ft is $(D+-D) = D. There- 
fore, the angle: 


bab” = 3(A—d)—3(d+D) = 3(A—2d—D) 
ebe"’ = 3(A—2d—D) —3(2D) = 3(A—2d—8D) 
edd” = 4(A—2d—3D) —}(2D) = $(A—2d—5D) 
ete. ete. ete. 
Solving the several right-angled triangles, we have (Fig. 26): 


Aa’ =c. cos$(A—d) 
ab’ = 100 cos 3(A—2d— D) 
be’ = 100 cos 4(A—2d—3D) (40) 
dd!’ = 100 cos 3(A—2d—5D) 
ete. ete. 
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and, also, 
aa =c. sin3(A—d) 
bb = 100 sin 3(A—2d— py 
c’c = 100sin (A —2d —3D) (41) 
dc = 100 sin 3(A—2d—5D) 
etc. etc. 


When the middle point of the curve-is passed, the minus 
quantities in the parentheses become greater than A, making 
the parentheses negative and, therefore, the sines negative and 
indicating that such values as are determined by them must 
be laid off toward the long chord AB. 

By a proper summation of the quantities determined by 
equations 40 and 41 we obtain the distances Aa’, Ab’, Ac’, 
etc., and the ordinates a/a, b’b, c’c, etc., and the curve may 
be located accordingly. It is well to make all the necessary 
calculations before beginning to lay down the lines on the 
ground, thus avoiding confusion and mistakes. 

Example. The P.C. of a 3°20’ curve is fixed at +25 ft 
beyond a station, and the central angle is 16°24’ = A. It 
is required to locate.the curve by ordinates from the long 
chord. 

We have c = 100—25 = 75 and d = 2° 30’ and D = 3° 20’. 
Hence, equations 40: 


Aa’ = 75cos . 6°57’ =.74.449 | 74.449 = Aa’ 
ab’ =100cos 4°02’ = 99.752 | 174.201 = Ab’ 
be’ = 100 cos = 0° 42’ 99.993 | 274.194 = Ac’ 
d'’d = 100 cos (—2° 38’) = 99.894 | 374.088 = Ad’ 
ee = 100 cos (—5° 58’) = 99.458 | 473.546 = Ae’ 
eB 17 cos (—7° 55’) = 16.838 | 490.384 = AB 


By equations 41: 


a=) 75 sins SOOt et 2 9F 07 1 8 OnOCS —va@ 
b’’b = 100 sin 4°02). = 7.034 | 16.109 = b’b 
é'c = 100 sin 0°42 =) 2224 Si7 33 — Ce 
cd” = 100 sin (—2° 38’) =— 4.594 | 12.7387 = d’d 
de’ = 100 sin (—5° 58’) = —10.395 | 2.342 = e’e 
ee’ = 17sin (—7° 55’) =— 2.341 | 0.000 


The same formulas can be used when the ‘curve begins at 
a station by making c = 100 and d = D. 
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120..The methods of locating curves by. linear measure- 
ments do not require the use of a transit, although one may 
be used to advantage for giving true lines, turning right 
angles, and the like. When a transit is not used, the align- 
ments should be made across plumb: lines suspended over the 
exact points previously marked on top of the stakes. A right 
angle may easily be obtained, without an instrument, by 
laying off on the ground the three sides of any of the right- 
angled triangles represented in the following table (or any 
multiples of them), always making the base coincide with 
the given line. 


TABLE OF RIGHT-ANGLED TRIANGLES 


Base Hypothenuse Perpendicular 
4 £5) 3 
12 13 5 
20 29 21 
24 25 7 
40 AL 9 * 
60 el 4 
84 85 13 


OBSTACLES TO THE LOCATION OF CURVES 


121. To locate a curve when the P.I. is inaccessible (Fig. 27). 
When the P.I. is inaccessible, a line is run. (or traverse if 
necessary) connecting the two tangents... The length of the 
line and the deflection angles it 
makes, with the tangents. are 
measured, A is found. by adding, 
the deflection angles, and the dis- 
tances from the ends of, the line. 
to the P.J. are computed i tri- 
angulation. 

The steps used are the follow: 
ing: 

1. Set p at a point from 
which a line can be run to the forward tangent. 

2. Measure the plus of p. 

3. Set g. Sighting from p:, establish an intersection with 
the forward tangent by the usual method of setting a P.I. 

4. Measure the angle at p with the same precision ordi- 
narily used to measure A. 





Fra. 27. 
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5. Measure pg. It is unnecessary to use the transit for 
alignment. ‘The rear tapeman observing a range pole at qg 
will give sufficiently accurate line. 

6. Measure the anglewat q with precision equal to that at p. 

7. Compute A = p+q. 








8. Compute pV = a sin q. 
sin A 
ping & 
ae te Vq = f 
9. Compute Vq ora sin p 


10. Compute plus P.I. = plus p+pV 

11. Compute the curve data. 

12. Compute g to B= T—Vq. (A minus sign indicates 
that the P.T. is nearer the P.I. than q.) 

13. Set P.T. by measuring from q. 

14, Set P.C. 

15. Run curve. 

16. Check at P.T. for line and distance. 

122. To locate a curve when the P.C. is inaccessible. When 
the P.C. is inaccessible, a hub must be set on the curve at a 
known position as near the P.C. as possible. One of the three 
following positions is usually selected: 

(a) Opposite a point of known plus on the back tangent. 

(b) At a selected station on the curve. 

(c) At a certain number of half stations beyond the P.C. 

The set of steps necessary for each of these three procedures 
is given in the following. Included in these steps is a method 
of carrying the back tangent past the obstacle. The method 
chosen, of course, is independent of how the point p is to be 
located but depends on the type of obstacle encountered. 
However, sometimes the method of passing the obstacle is 
the deciding factor in choosing the procedure for establishing p. 

Case a (Fig. 28). By setting p opposite a point of known 
plus on the back tangent: 

. Set e and g on line. 

. Measure the plus of e. 

. Set f. Measure ef and the angles e and f. 
Measure angle g. Check e+f+g = 180°. 
. Compute eg = ef sin f/sin g. 

. Compute plus of g = plus of e+eg. 

. Set P.I. 


NOopwner 
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8. Measure the plus of P.I. 
9. Measure A. 
10. Compute T. 
11. Compute the plus of P.C., and note that it falls between 
e and g where it will be inaccessible. 
12. Compute L. 
13. Compute the plus of P.T. 





Fia. 28. 


14. Compute Ag = plus of g—plus of P.C. 

15. Compute sin a = Ag/R. 

16. Compute Ap = 100a/D. 

17. Compute plus of p = plus of A + Ap. 

18. Compute gp = FR vers a. 

19. Compute the deflection angles including the deflection 
angle of p which should be equal to $a. Compute the sub- 
chords at p and P.T., respectively. 

20. Set P.T. 

21. Set p and p’ at 90° from back tangent. 

22. Run curve. Set up at p, and orient the transit to the 
curve by sighting p’ with the telescope direct and with the 
vernier set counterclockwise at 


90°—defl. of p 
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(On a right curve the vernier would be set clockwise.) This 
and similar settings are best computed by assuming certain 
imaginary operations. In this case, sight P.C. with vernier 
at zero and telescope reversed, This will orient the transit 
to the curve. Transit the telescope to the direct position. 
The hne of sight will now be pointing along a line which makes 
an angle with the back tangent equal to the deflection of p 
while the vernier is still set at zero. With the telescope direct 
turn to p’. The angle turned will be counterclockwise and 
equal to 90°—defl. p. Since the vernier read zero to start, 
it will now read 90°—defl. p counterclockwise. Accordingly, 
since this reading is obtained when the transit is oriented to 
the curve, pointing p’ with this reading on the vernier will 
orient the transit. 

The curve can now be staked out using the original list of 
deflection angles, beginning with the first station beyond p. 

23. Check at P.T. for line and distance. 

Case b (Fig. 29). By setting p at a selected station on the 


. Set V’ by offsets shown. Offset = A. 
. Measure the plus of V’. 
. Measure A at V’. 
. Compute i = h cot A. 
. Compute VV’ = h/sin A. 
. Compute plus of P.I. = plus V’+i. 
. Compute 7’. 
. Compute plus of P.C, 
. Compute L. 
10. Compute plus of P.T. 
11. Compute deflection angles and subchord at P.T. 
12. Set P.T. Measure 7+VV’ from V’. 
13. Note P.C. inaccessible. 
14. Select the station p at which the curve is to be regained, 
and compute Ap = plus of p—plus P.C. 
15. Compute a = Ap X D/100. 
16. Compute g’p = R vers ath. 
17, Compute Ag = Rsina. 
18. Compute plus of g’ = plus of P.C.+Ag. 
19. Set g’. Measure from nearest station on offset line. 
20. Set p and p’ at 90° from offset line. 
21. Run curve (as in‘case a). 


CONAaMRwNeS 
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22. Check at P.T. for line and distance. 
Case c (Fig. 30). By setting p at a certain number of half 
stations beyond the P.C.: 
1. Note that P.C. is obviously inaccessible, and determine 
what offset will clear obstacle. 





Fra. 29. Fra, 30. 


2. For the degree of curve given, using Table VI, find n, 
the number of stations having a middle ordinate M slightly 
larger than the required offset. 

. Set V’ by offsets shown. Offset = M, 
. Measure the plus of V’. 

. Measure A at V’. 

. Compute 7 = M cot A. 

. Compute VV’ = M/sin A. 

. Compute plus of P.I. = plus V’—7. 

. Compute T. 

10. Compute plus of P.C. 

11. Compute L. 

12. Compute plus of P.T. 

13. Compute Ap = 50n. 

14. Compute plus of p = plus of P.C.+Ap. 
15. Compute A’/p = 20 for n stations (Table IV). 


OONM oP Ww 
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16. Compute plus of p on the offset line = plus of P.C.+ 

A’p. ; 

17. Compute the deflection angles and subchords. The 
deflection of p should equal $n 4D. 

18. Set P.T. Measure 7—VV’ from V’. 

19. Set p. Measure the plus from the station previous to 
p on the offset line. 

20. Run the curve. Set up at p, and orient as follows. 
With the vernier set at the value of the deflection angle of 
p, but reading clockwise (counterclockwise for right curves), 
sight V’, telescope direct. ‘To compute this value, the imagi- 
nary procedure is the following. Set the vernier at zero 
and sight P.C. telescope reversed. Turn to p’. The vernier 
will now read clockwise a value equal numerically to the 

‘ deflection angle of p, since are Ap = are Ap’. 

Continue the curve. 

21. Check at P.T. for line and distance. 

123. To locate a curve when both the vertex and point of 
curve are inaccessible (Fig. 31): 

(a) From any point p on the tangent run a line pq’ to the 
other tangent, and so determine pA as in §121. Suppose 

the curve produced backward 
to p’ on the perpendicular off- 


set pp’. 
Then, 
; pA 
sin p'OA = — 
in p BR 
and 


pp’ = R vers p'OA 





When the point p’ has been 
located, a parallel chord p’g may 
be laid off, giving a point q on the curve, since p’¢g = 2XpA. 
At q deflect from gp’ an angle equal to p’OA for a tangent to 
the curve at q. 

(b) If any obstacle prevents using the chord p’q, any other 
chord as p’s may be used, by deflecting from p’q the angle 
qp’s = 3(qOs) and laying off its length, 


Fie. 31. 


p's = 2R sin (p'OA + qp's) 
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At s a deflection from the chord sp’ of (p/OA+qp’s) will 
give the tangent at s. 

(c) If obstacles prevent the use of any chord, the methods 
described in § 125 may be resorted to. 

124. To pass from a curve to the forward tangent when the 
point of tangent is inaccessible (Fig. 32): 

(a) From any transit point p on the curve, near the end of 
the curve, run a chord parallel to the tangent. The middle 





Fie. 32. Fia. 33. 


point g of the chord will be on the radius through the point 
of tangent B. At any convenient point beyond this, an 
offset equal to pp’ = R vers pOB may be made to the tan- 
gent, and at some other point an equal offset will fix the direc- 
tion of the tangent. 

(b) Otherwise, if an unobstructed line pq can be found inter- 
secting the tangent at a reasonable distance from B, measure 
the angle qg’pg = pgp’, and lay off the distance, 


t 


PP 
Pa = 


~ sin q’pq 
to fix the point g. Then, 
Ba = p'aq—p’B = pp’ cot q’pq—RF sin pOB 

(c) Otherwise, assume an arc of any number of stations from 
p to q’’ on the curve produced, and take the length of chord 
from Table IV. Lay off pq’’, and from q’ lay off q’’qg = R 
vers g’’OB, perpendicular to the tangent, to locate q. The 
angle pq’’¢ = 90°—q’pq’’, and the distance gB = F sin q’’OB. 

125. To pass an obstacle on a curve (Fig. 33): 

(a) From any transit point A’ on the curve take the direc- 
tion of a long chord which will miss the obstacle, as A’B’. 
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The length of this chord is 2R sin V’A’B’, V’A’ being tangent 
to the curve at A’ (see equation 18), and by measuring this 
distance the point B’ on the curve is obtained. If the angle 
V'A'B’ is made equal toythe deflection for an exact number of 
stations, the chord may be taken from Table IV. 

(6) If the chord which will clear the obstacles would be too 
long for convenience, as A’g’, we may measure a part of 
it as A’p’ and, then, by an ordinate to some station, regain 
the curve at p. The distance on the curve from A’ to p 
being assumed, the distances A’p’ and p’p are calculated 
by the methods given in § 115 to § 119. If p’p can be made 
a middle ordinate, the work will be much simplified. If more 
convenient the middle ordinate may first be laid off from 
A’ to p’”, and the half-chord afterwards measured from p’’ 
to locate p. 

(c) Again, we may calculate the auxiliary tangent A’V’ for 
any assumed length of curve A’B’, and lay off the distance 
A'V’ and V’B’, deflecting at V’ an angle equal to twice 
V'A’B’. But, if the point V’ should prove inaccessible, we 
may conceive the auxiliary tangents to be revolved about the 
chord A’B’ as an axis, so that V’ will fall at V’”’, and the 
lines A’V"’ and VB’ may be laid out accordingly. If these 
in-turn meet obstructions, we may run a curve from A’ to 
B’ of same radius as the given curve, but tangent to A’V”’ 
and VB’. This method appears less practical than any of 
the others. 

(d) Again, the entire curve or any portion of it may be laid 
out by offsets from the tangents, or by ordinates from a long 
chord, as already explained. 

(e) In case any distance on a curve must be measured by 
triangulation, as in crossing a stream, a long chord may. be 
chosen, either end of which is accessible, and the triangula- 
tion is then performed with respect to this chord or a part 
of it, as on any other straight line. 


SPECIAL PROBLEMS IN SIMPLE CURVES 
Tangents Remaining in Same Position 
126. Given: a curve joining two tangents; to find the change 


required in the radius R and external distance E for an assumed 
change in the value of the tangent distance T (Fig. 34): 
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Let 
T =AV =VB; T'=A'V = VB’; R=AO0; R’ = A’O! 


E=VH and E' = VH' 
Then 
T—T' = AA’ = the given change 


By equation 21, 
R= Tcot3a 


R’ = T’ cot 4A 
OG = R—R’ = (T—T’) cot $A (42) 
, By equation 22, similarly, 
HH’ = E-E’ = (T—T’) tan {A (43) 


Equations 42 and 48 give the changes in F and F for any 
change in 7. When 7 is increased, R and E will be increased 
also, and vice versa. 

Example. A 4° curve joins two tangents, making an angle 
of 38° = A, and it is necessary to shorten the last tangent dis- 
tance 80 ft. What will be the change in the radius and in the 
external distance? 


Ans. . R—R’ 232.34 
R 1432.69 





i 1200.35 or about 4° 46’ = D’ 


If the tangent distance had been increased 80 ft, we should 
add the above to FR. 


R’ = 1665.03 or about 3° 26’ = D’ 
Ans. E-E’ 13.387 


127. Given: a curve joining two tangents; to find the change 
required in the radius R and tangent distance T for any assumed 
change in the value of the external distance E (Fig. 34): 
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We suppose HH’ given, to find OG and AA’. 
By equation 20, 


E =Wexsec 3A 


E’ = R’exsec 3A 


E-E’ 
0G = R-R’ = —, (44) 
ex sec 7A 
By equation 43, 
AA’ = T-T' = (E—E’) cot $A (45) 


Example. A 4° curve joins two tangents, making an angle 
of 38° = A, and it is necessary to bring the middle point of the 
curve 25 ft nearer the vertex V. What changes are required 
in the radius and point of curve? 

Ans. From equation 44, R—R’ = 
B 433.87; then R’ = 998.82 and D’ = 
v 5° 44’ about. 
From equation 45, 7 — T’ = 149.39. 
But, if the point H, Fig. 34, were 
to be moved 25 ft further from the 
14’ vertex V, then, 


Oo ¢@ AR’ = 1866.56 or about 3° 04’ = D’ 


and the P.C. will be moved 149.39 ft 
further from the vertex. 

It is preferable to assume some radius from Table I near 
the value of R’ found as above and from this calculate the 
value of T’ by equation 17. 

128. Given: a curve joining two tangents; to find the change 
made in the tangent distance T and external distance E by any 
assumed change in the value of the radius R (Fig. 34): 

By equation 42, 


B 


Fie. 34. 


AA’ = T-T' = (R—R’) tan3A (46) 
By equation 44, 


HH’ = E-E’ = (R—R’) exsec $A (47) 
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The changes calculated by equations 46 and 47 will be 
added to or subtracted from T and E, respectively, according 
as the radius is increased or diminished. 

129. Since for a constant value of the central angle A 
the homologous parts of any two curves are proportional to 
each other, we may write at once: 

Capp icant eopCle ipl!’ 
Bp eI. 


R’ FE’ Gr M’ (48) 
Gs a Ty ee Ny a peer 
R aa C Ta 
ete. ete. etc. 


130. Given: a curve joining two tangents; to change the post- 
tion of the point of curve so that a curve of the same radius 
may end in a parallel tangent (Fig. 35): 

Let AB be the given curve; AV, VB the tangents; and 
V’B’ the parallel tangent. Then VV’ is the distance from 
one vertex to the other; and, since there is no change in the 
form or dimensions of the curve, we may conceive it to be 
moved bodily, parallel to the line AV, until it touches the 
line V’B’, when every point of the curve will have moved 
a distance equal to VV’. Hence, AA’ = OO’ = BB’ = VY". 
Therefore, run a line from B parallel to AV, intersecting the 
new tangent in B’, measure BB’, and lay off the distance 
from A to find A’. In the figure the new tangent is taken 
outside the curve, and so A’ falls beyond A, but, if the new 
tangent were taken inside the curve at V’’B”, the new P.C. 
would fall back of A at some point A”. 

If the parallel tangent is defined by a perpendicular offset 
from B, as Bp, since the angle BB’p = A: 


Bp 


AA’ = BB’ =— 
sin A 





(49) 


The tangent distance 7’ remains the same and is, from equa- 
tion 17, T = R tan fA. 

131. Given: a curve joining two tangents; to find the radius 
of a curve that, from the same point of curve, will end in a par- 
allel tangent (Fig. 36): 

Let AB be the given curve; AV, VB the tangents; and 
V’B’ the parallel tangent; and let AO = R and AO’ = R’. 
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Since the central angle A remains unchanged, the angle 
3A between the tangent and long chord remains unchanged; 
therefore, V'AB’ = VAB, and the new point of tangent is on 
the long chord produced. The problem may be solved in 
several ways. 

(a) If the perpendicular distance between the tangents is 
designated by p, the point V (=P.I.) will be moved a distance 
VV’ = p/sin A, and the new tangent distance AV’ will be 





Fig. 35. Fic. 36. 


changed by the same amount, namely, p/sinA. The new 
radius R’ may be found by equation 21, which is R = T cot 
3A. The degree of curve may be taken to the nearest minute 
with a consequent slight change in the value of p. 

(b) Find on the ground the intersection of V’B’ with AB 
produced and measure BB’. In the diagram draw Be parallel 
to AO; then BeB’ = A, and, by equation 18, 


BB’ = 2Be sin 3A 
but 
Be = OO’ = R’-R 


je BB’ 
R’=R+ Ne (50) 
Use the lower sign when the parallel tangent cuts the 
chord AB at some point B”, since R’ will evidently be less 
than R. 
If the parallel tangent is defined by a perpendicular offset, 
as Bp = B’f; since BeB’ = A; 
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Bp = Be vers A = (R’—R) vers A 


Bp 
R’ =R+ 
vers A ep 





Add or subtract as previously explained. 
If the long chord C = AB is known, then the new long 
chord C’ = AB’ or AB” = C+BB’, and, by equation 48, 


C+BB’ 
¢é 


132. Given: a curve joining two tangents; to change the radius 
and also the point of curve, so that the new curve may end in a 
parallel tangent directly opposite the 
given point of tangent (Fig. 37): 

Let AB be the given curve; AV, 
VB the tangents; V’B’ the parallel 
tangent; and B’ the given tangent 
point on the radius OB produced. 

(a) If » denotes the perpendicular 
distance between the tangents, the 
point V (=P.1.) will, as in § 131, 
be moved a distance VV’ = p/sin 
A, and the new tangent distance Fre. 37. 
will be changed by p/tan A.’ Then, 
having A and the new T7,, find the new radius (R’) by equation 
21, R = T cot 4A. If the degree of curve is taken to the 
nearest minute, the necessary slight change should be made 
in the value of p. 

(b) In the diagram, produce the tangent AV and the radius 
OB to intersect at K. Then: 


BK = RexsecA 





R'’=£8 (52) 





B'K = R’ exsecA 
Subtracting, we have 
BB’ = (R—R’) exsecA 


BB’ 
R-R' = (53) 
ex sec A 





from which R’ is easily determined, as in §§ 126 and 127. 
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To find the change AA’ of the P.C., in the diagram, draw 
O’G parallel to A’A; then: 


O'G. = OG tan A 
or \ 
AA’ = (R—R’) tan A (64) 


(c) By substituting the value of (R —R’) from equation 53 
and observing Table XLII, 42, we have 


AA’ = BB’X cot 3A (55) 


Observe that equations 58, 54, and 55 may be derived directly 
from equations 44, 46, and 45, respectively, by writing A for 
ZA. 

133. Given: a curve joining two tangents; to find the new 
tangent points after each tangent has been moved parallel to 
itself any distance in either direction (Fig. 38): 

Let A and B be the given tangent points, and A’ and B’ 
the new tangent points required. Let the known perpen- 
dicular distances Ag = a and Bp = b. We then require the 
unknown parallel distances gA’ = x and pB’ = y. 

Since the form and dimensions of the curve remain un- 
changed, we may conceive the curve to be moved bodily into 
its new position on lines parallel and equal to the line VV’ 
joining the vertices. ‘Then, 4A’ = OO’ = BB’ = VY’. 

In the diagram draw VK parallel and equal to Bp = b and 
V’H parallel and equal to Ag =a. Then, VH = gA’ = g, 
and V’K = B’p = y. Since VGV’ = A, we have 














b 
VG duel agngneyi net 
sin A tan A 
and, since 
VH = VG-GH =z 
is b a 
~ sin A tan A 
Similarly, ok * (56) 








hei tan A sin A 

When the new tangents are outside the given curve, the 
offsets a and 6 are considered positive; if either new tangent 
were inside the given curve, its offset would be considered 
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negative. In solving equations 56, if x and y are found 
to be positive, they are to be laid off forward from q and p, 
as in Fig. 38; if either is found to be negative, it is to be laid 
off in the opposite direction. 

Example. A certain curve has a central angle of 50° = A, 
and it is proposed to move the first tangent in 20 ft and 





Fia. 38, Fie. 39. 


the second tangent owt 12 ft. Required, the distances on the 
tangents from the old tangent points to the new (Fig. 39). 


Here, a = —20andb = +12 


+b 12 1.079181 | —a 20 1.301030 
AY 950° log sin 9.884254 | A 50° log tan 0.076186 


15.665 1.194927 | — 16.782 1.224844 


xz = 15.665—(—16.782) = +32.447 


+b 12 1.079181 | —a 20 1.301030 
x 50° log tan 0.076186 | A 50° log sin 9.884254 


10.069 1.002995 | — 26.108 1.416776 


y = 10.069 —(—26.108) = +36.177 


xz = —32.450 
For +a and —8, i = 36.177 
zx = — 1.120 
For +a and +b, i = Pere a9 
a= + 1.120 
ease ieotworh is = +15.939 
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If we have a and z given to find b and y: Solving equations 56 : 


for b and y, we obtain 


b xy sin A+a cos 4 


57 
y =a cos A—asin A e? 


in which the algebraic signs of the quantities must be observed 
as previously. 


Change in Direction of Forward Tangent 


134. Given: a curve joining two tangents; to find a new radius 
and new position of the point of 
curve, such that the curve may 
end at the same point as before, but 
with a given change in the direc- 
tion of the forward tangent (Fig. 
40): 

Let AB be the given curve; 
AV, VB the given tangents; V’B 
the new tangent; and VBV’ the 





Fra. 40 given change in direction. Let 


A’ = A+VBYV’. 
In the diagram draw BG perpendicular to AV produced; 
then, 





BG = RversA 
= R’ vers A’ 
Hence, 
A 
oneal vers (58) 
vers A 
and 
AA’ = AG—A’G = Rsin A—R’ sin A’ (59) 


In the figure the change in direction of tangent makes A’ 
greater than A; therefore, V’ falls beyond V, and A’ beyond 
A; but, if the change made A’ less than A, then V’ and A’ 
would fall behind V and A, respectively, and R’ would be 
greater than R. 

The same formulas apply to the converse problem in which 
B is taken as the point of curve and A and A’ as points of 
tangent. 
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135. Given: a curve joining two tangents; to find the change 
in the point of curve when the forward tangent takes a new 
direction from the vertex, V (Fig. 41): 

By equation 17, 


VA =Rtan3A, VA’ = Rtan 4A’ 


AA’ = R (tan $A— tan $A’) (60) 
BP’ 
B 
B 
y 
y 
OF A! 
A. 
2 0.07 A 
Fia. 41. Fia. 42. 


136. Given: a curve joining two tangents; to find the new 
radius R’, when the forward tangent takes a new direction from 
the vertex, V (Fig. 42): 

By equations 17 and 21, 


VA = Rtan3d, “R’ = VA cot $d’ 
R’ = R tan 3A cot $A’ (61) 


137. Given: a curve joining two tangents, and a given change 
in the direction of the forward tangent from the vertex; to find 


Fra. 43. 


the radius and point of curve of a curve that shall pass at the 
same distance VH from the vertex (Fig. 48): 
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Let AB be the given curve, BVB’ the given change in 
direction of tangent, and VH’ = VH. Let A’ = A+BVB’, 
then, equation 20, 


VH = Rexstc 4A = VH' = R’ ex sec EIN 


R’ = porsee 3A 62) 
ex sec 5A 
By equation 24, 
VA = VH cot 4A, VA! = VH' cot 4a’ 
AA’ = VH (cot $A— cot 4A’) (63) | 


But, in case A’ = A—BVB’, AA’ becomes negative and 
must be laid off backward from A. 

Example. Given a 2° curve, A = 80° and BVB’ = —10° 
Ab Me = TO, 

Ans. From equation 61, D’ = 1°27’ nearly, and from 
equation 62, AA’ = —371.08, which means that A’ must be 
laid off backward from A. 


To Pass a Curve Through a Given Point 


138. Given: two indefinite tangents, a point situated belween 
them, and the angle A; to find the radius R and tangent distance 





Fig. 44. 


T of a curve joining the tangents which shall pass through the 
given point (Fig. 44): 

The position of P must be tied to one of the tangents. As- 
sume that its plus (the plus of L) and offset PL have been 
measured. Make the following computation. 
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adkilys 
sin 3A 
LG = PL cot 4A 
VL = plus of P.IJ.—plus of L 


VG = VL+LG 
GI = VGcos$A 
GP’ = 2GI—PG 


GA = VGP’XPG (Geom. Table XLI, 24) (64) 
T=VG+GA 
R = T cot 3A 


139. Given: a curve AP and the radial offset PP’; to find the 
radius of a curve which shall pass through the point P’, starting 
from the same point of curve A (Fig. 45): 





(a) Let b = PP’, and in the diagram draw P’G’ parallel to 
the common tangent AX, and join AP’. Then, 


P'@ = (Rb) sin A 
GA = R—(R=+b) cos A 


GA R 
NH ee IP! A = = —cotA (65 
fan, A — tanG Al P@ ~ Qabsn A co (65) 


P’G’ (R+b)sinA 
io ‘P! = —— = 66 
oo sin A’ sin A’ Ae: 
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When the offset is outward, use R+b; when it is inward, 
use R—b. » 

Example 1. Given: a 3° curve of 16 stations and a radial 
offset of 205 ft inwardyfrom the P.T.; to find the radius of 
the curve passing through the extremity of the offset. 

Ans. A = 48°, and 6 = 205. From equation 65, A’ = 
62° 31’ and, from equation 66 and Table I, D’ = about 4° 01’: 

If the same offset were made outside the curve, we should 
find R’ log 3.488350, or about a 2° 05’ curve. 

This solution is inconveniently long for ordinary field prac- 
tice. When the offset is small compared with the length of 
curve, we may use the following: 

(6) Approximate Rule: Divide twice the offset b by the 
length of curve, look for the quotient in the table of natural 
sines, and take out the corresponding angle, which multiply 
by 100, and divide by the length of curve. The quotient is 
the correction for the given degree of curve, to be subtracted 
when the offset is made outward and added when the offset 
is made inward. 

This rule is expressed by the formula: 

Ae LOO negeee 
D' = D¥ zn sin ZL (67) 

For the necessary change in A is equal to twice the angle 
PAP’ which is expressed by sin! [2b/Z], and to reduce this to 
degree of curve we multiply by 100/Z, as in equation 9. 
Whence, equation 67 results. 

Taking the same example, we have 


Pstil 14° 51’ 
7 7 sin 


and 
100 
Cc tion = 14° 51’X*—— = ° 56’ 
orrection 7600 0° 56 
Hence, 


D’ = 3° 56’ or D’ = 2°04’ 


(c) Given: the degree of a curve passing through a certain point 
and the distance from the P.C. to the point; to find the radius 
of a new curve to pass a certain distance to the right or left of the 
point, starting from the same point of curve A (Figs. 46 and 45): 
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In Fig. 46 draw OG and PN perpendicular, respectively, 
to AP and AN. Then the triangles ANP and OAG are sim- 
ilar, and 

PN:AP::AG:0A from which, since OA = R, and AG = 
SAP = 30, PN’=C2/2R: 





Since R = 5730/D (approx.) and C = 100n (approx.), 
where n = the number of chords in the curve, 
10000n?D 
PN =t = ———— = 0.878n’? 
2(6730) ae 
or 
t = nD approx.) (68) 


If in Fig. 45 the degree of the first curve is D’ and that of 
the second is D”’, the tangent offsets between the two curves 
is approximately 

taint = 9n?(D’+D”) 
or 
t 
D'£D" = S5 (69) 
gr 

Example. Taking the same data as that given in b, D’ = 

3°, n = 16, and t = 205, we get 


D’+D”" = 0° 55’ and D” = 2°05’ or 3°55’ 


‘depending on whether the offset is toward or away from the 
center. 

These values are nearly the same as those in the approxi- 
mate solution in b where D’” was 2° 04’ or 3° 56’. Of course, 
this was to be expected since the approximations in the deri- 
vation of equations 67 and 68 are entirely similar. 
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Equations 68 and 69 will be found most useful in prob- 
lems of field location. 

140. Given: two tangents intersecting at V, a point P 
located by an angle and a distance from V, to find the radius 
of a curve joining the two tangents and passing through the 
point P (Fig. 47): 

We have angle AVP and distance VP = d;letOA = OB = 
R. 

Now the angle OVA = 3(180°—A) and OVP = 4(180°—A) 
—AVP = 90°—(3A+AVP). 


WA 


oO I 
Fie. 47. 


Again, OA/OV = cos 3A or OV = R/cos 3A, and, in the 
triangle OPV, 


sin OPV mOvV. 
smOVP OP 
whence, 
sin OPV = sin ag 
cos 3A 
Then 


Angle VOP = 180°—(OPV+0VP) 
Again, using the sine formula on the triangle OP V, we have 


sin OVP 


OP = Rk = ——_— 
: sin VOP 


Various cases may arise as follows: 
(a) When AVP = AVO, the equation becomes the same 
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as that in § 97, which is 


VP E 
R= —__ = ——_— 2 
ex sec ZA ex sec ZA (23) 


(6) When AVP = 90°, 
VP = Rvers POA 


or 
VP 
ai vers POA 
and o 
in POA = — 
sin R 


Modification. In right-of-way work and in the location 
of highways the principles of this problem arise. Suppose 
a straight line (property or street line, for example) intersects 
the circular are of a highway or the right-of-way line of a 
railroad, and it is desired to find the point of intersection of 
the two. The problem may be solved in two ways. 

(c) By “string intersection.” The curve is located on the 
ground as also the direction of the line VJ. Place two stakes 
on the line VI (one each side of P), and find by trial where 
the curve cuts a string joining the two stakes. 

(d) By computation. In the triangle VPO the angle AVP 
is given, and OP = R. 


Now, 
AVO = 90°—AOV = 90°—4A 
PVO = AVO—AVP = 90°—3A—AVP 
OV = Rsec 3A 
‘a OV in PVO 
sin VPO = sin Pvo(—-) gee oc ta 
R cos gA 
Then, 
VOP = 180°—(VPO+PV0) 
and 
sin VOP 
I, Sit ede sin PVO 


This gives the distance of P from V. 
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Miscellaneous Problems 


‘441. Given: a curve and a distant point; to find a tangent 
that shall pass through the point (Fig. 48): 
The curve adg is given, and the point P is visible but dis- 
tance unknown, to find the point of tangent B. 
(a) By trial. Set up at a point on the curve which is 
thought to be near where the final point will come. Establish 
a tangent to the curve at this point, and measure the angle 





Fig. 48. 


between this tangent and the point P. Move the transit 
forward or backward by a distance equal to that expressed 
bi the depiation eet angular change in direction Lay off 
degree of curve 
this distance, and check the work. If the established curve is 
of regular curvature and there has been no mistake in the 
work, the tangent to the curve at the new setup will pass 
through the point P. 

(b) By tape alone. Any chord, as df, parallel to the re- 
quired tangent, if produced will pass the point P at a per- 
pendicular distance equal to the middle ordinate of that chord. 
Ranging across every two consecutive stakes on the curve 
we at first find the range falling outside the required tangent, 
as bcG, cdH, etc.; but, finally, the range falls inside, as deK. 
We then know that the required point is between c and e. If 
the range ce falls inside the point P, a perpendicular distance 
equal to the middle ordinate of ce, the tangent point is at d. 
If the perpendicular distance is greater than this, the point 
B is between c and d. If it is less, or if the range ce falls out- 
side P, the point B is between d and e. The middle ordinate 
for ce (200 ft) equals the tangent offset for 100 ft, given in 
Table I, and it is generally so small that it can be estimated 
at P without going to lay it off. 
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To find the exact point B, when it falls between d and e, 
find by trial a point x (not shown) such that the chord ze 
passes inside the point P by a distance equal to the middle 
ordinate of the chord xe. The point B is at the middle point 
of the arc ex. When the point falls between d and c, proceed 
in a similar way. 

The middle ordinate of any chord ez is less than M for 
200 ft, and greater than m for 100 ft. If necessary, its exact 
value m’ can be found by 





(70) 


and this equation is nearly true when ez is as great as 300 or 
400 ft. That is, middle ordinates on the same curve are to 
each other as the squares of their chords very nearly. 

By this method the point B is found without the use of 
the transit, so that the plug can be driven at B before the 
transit is brought up from the rear. It is therefore prefer- 
able to the following solution. 

(c) By transit (Fig. 49). From any two points a and c of 
the curve measure the angles to the point P, so that with 
the chord ac as a base, and the measured angles, we may 
find cP by the formula: 

sin caP 





P= 
on G6 Sn cPa 
Knowing the angle c that cP makes with a tangent at c, we 
find the length of the chord cd by cd = 2R sinc. 
By Geom. Table XLI, 24, 


PB = Pe =WcPXdP 


whence we know ce. Opposite e, or on the arc eB described 
with the radius Pe, we find B. 

142. Given: two curves exterior to each other; to find the 
tangent points of a line tangent to both and its length between 
tangent points (Fig. 50): 

Case I. When the curves are reverse to each other: 

(a) By trial in the field. If the curves actually exist on the 
ground, run out a trial line in a position judged as nearly right 
as possible. Note the distance to and the amount the trial 
tangent fails to hit the second curve. The error divided by 
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the length of the tangent will give the natural tangent of 
the angle by which the transit station on the first curve must 
be changed. 

(b) By traverse. Ryn a traverse from one curve to the 
other; this locates the positions of the centers of the curves. 
For instance, in Fig. 50 set up the transit at C, and find the 





Fia. 49. Fia. 50. 


direction and bearing of the tangent CD to the curve. The 
angle DCO = 90° will locate the directions of the center O and 
the radius CO = r;._ Run a traverse from C to a point F on 
the second curve. Establish the tangent FG to the second 
curve at #’ and the angle between FG and the center of the 
second curve O’, 

The latitudes and departures of the courses OCFO’ are then 
computed. If OJ = the sum of the latitudes and O’J the sum 
of the departures, 

eo 
tan O’/OJ = OF 


and 
00’ = VO'P?+07? 
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In the figure, AB is the required tangent and OA must be 
perpendicular to and OK parallel to AB. 

Solve the triangle OO’K where O’K = ri+re, and OO’ is 
known. Then, 


ry-+re 


sin KOO’ = 00": 





and OK = length of required tangent = OO’ cos KOO’. 

The angle COA will locate the tangent point A at which a 
setup may be made and a tangent to the curve established, 
and this line projected should strike the second curve at B. 

Find COA as follows: Angles JOA and JOC are known 
since the bearings of OA and OC either are known or can be 
found. 

AOC = JOA—JOC 


Case II. When the curves turn in the same direction: 

Solutions a and b are entirely similar to those in Case I. 
In b the side of the triangle O’K will be the difference of the 
radii instead of their sum. Otherwise, the procedure is the 
same. 

Note.—The previous problem has probably caused more 
discussion in the Engineering News and the Engineering News- 
Record than any other single curve problem. The treatment 
given is believed by the author to be the best solution. 

143. Given: two curves O and O’, reverse to each other, 
joined by a tangent BA’, and terminating in another tangent, 
B’F; to change the position of the Point of Tangent B of the 
first curve, so that the second curve may terminate in a gwen 
parallel tangent B’’F’ (Fig. 51). 


Let X be the required new position of B 
O” be the corresponding position of O’ 
AY = A’O'B’ and KY = A”O"B" 


Since the radii and the connecting tangent are unchanged 
in length, and all rotate together about O as a center, O” 
will be on a circle passing through O’, described with a radius 
00’ and the required angle BOX = O’00”. 

In the diagram, produce O0’A’, draw the perpendicular OG, 
and let a = the angle OO’G. Also, draw OK parallel and 
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O”K and O’H perpendicular to B’O’. In the triangle OO’G 
we have 


GO’ R+R’ 














1d = 71 
cot OO'G “<o ° cot a BA’ (71) 
and 
R’ 
OO’ = la (72) 
COS a 
Angle KOO’ = OO'B’ = a+aA’ 
Angle KOO” = OO”B"” = a+A” 
KO = 00" cos (a+A”), HO = 00’ cos (a+A’) 
HK = OO’ [cos (a+A”’) — cos (a-+-A’)] = B’F’ 
cos (a+A’) = cos (a +A’) a (73) 
OO’ 
BOX = 0/00” = (a+A’)—(a+A”) (74) 


If we conceive a line to be drawn through O bisecting the 
arc O'O”, the angle it makes with B’O” is a mean between 
B’0’0 and B’’0"0; hence, the chord 0/0’, perpendicular to 
this line, makes an angle with O’P perpendicular to B’O’ of 


PO'O" = $lata)-+H(a+a")] 
and since 
O}?= PO'Gcot_ POO” 


F'B" = B'F’ cot $[(a+A)+(a+a’] (75) 
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which gives the distance, measured on the parallel tangent, 
between the old tangent point and the new. 

This problem occurs in practice when both the connecting 
tangent and the radius of the last curve are at their minimum 
limit and the parallel tangent is inside the old one, as in the 
figure. Should the new tangent be outside, the same formulas 
apply, with only the sign of B’F’ being changed in equation 73. 
But in this last case it is usually preferable to employ prob- 
lem § 130 or § 1381. 

Example. A 1°40’ curve is followed by a tangent of 200 ft, 
and that by a 4° curve of 10 stations ending in a tangent; and 
the offset to the given parallel tangent is 80 ft on the inside. 
Required, the position of the new tangent points X and B”. 

Here R = 3487.87, R’ = 1482.69, BA’ = 200, B’F’ = 80. 


By equation 71, R+R’ 4870.56 log 3.687579 
BA’ — 200. log 2.301030 

Brod 22214 log cot 1.386549 
By equation 72, a 2214 log cos 9.999635 
eff OO’ 3.687944 
By equation 73, B’F’ 80 1.903090 
0.01641 8.215146 


a+A’ 42° 21’ cos 0.73904 





atA” 40° 56’ cos 0.75545 





By equation 74, BOX 1°125% pte BXo= Shitty eds. 


By equation 75, PO’O”’ 41° 38’ 30” cot 1.12468 X80 = 89.97 
= B’B" 


144. The traverse method. Many of the special prob- 
lems of simple curves may be solved by what is called the 
traverse method and often termed the cases of supplying 
missing data. Among these cases may be mentioned the 
passing of obstacles and the location of a curve where certain 
points are inaccessible. The reader is referred to books on 
surveying for detailed solutions, and also to Chapter XXI and 
§ 420 of this book. 


x 
CHAPTER VI 


COMPOUND CURVES 


THEORY 


145. A compound curve consists of two or more consecu- 
tive circular arcs of different radii, having their centers on the 
same side of the curve; but any two consecutive arcs must 
have a common tangent at their meeting point, or their radii 
at this point must coincide in direction. The meeting point 
is called the Point of Compound Curve, or P.C.C. Compound 
curves are employed to bring the line of the road wpon more 
favorable ground than could be done by the use of any simple 
curve. 

In mountainous country it is often necessary to have com- 
pound curves of several arcs. In such cases a field location 
is usually resorted to. The cases here treated are combina- 
tions of either two or three simple curves. The latter is 
called a three-centered compound curve. 

146. In a compound curve of two arcs, there are seven 
quantities: the two radii (or two degrees of curve), the two 
central angles, the two tangent distances, and the total 
change of direction of the tangents. In the adopted notation 
R is always the longer and R; is always the shorter radius; 
Tz is the longer and T; the shorter tangent distance. How- 
ever, Aj and A; do not have this relation. A» is the central 
angle for are with radius Re and A that for radius Ri regardless 
of the order in the line of track. The total change in direc- 
tion A = 41+. Any four of the seven quantities may be 
given or assumed within certain limits. In this discussion 
these given or assumed sets of quantities will be treated as 
cases. 

In practice, A is always known or immediately available 
from the equation A = A;+As. Of the six remaining quanti- 
ties, three must -be given or assumed for a solution. Stated 
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in the following table are all the possible combinations of 
three of these six quantities, together with the case number 
in which each combination of given quantities is treated. 


Aut PossisLE CoMBINATIONS OF GIVEN QUANTITIES IN 
ADDITION To A 


The two radii and a central angle Case I 
The two radii and a tangent distance Case IV 
The two tangent distances and a central 
angle Case VI 
The two tangent distances and one ra- 
dius Cases II and III 
A radius, the adjacent tangent distance 
and a central angle Case V 
A radius, the nonadjacent tangent dis- 
tance and a central angle Case VII 


METHOD OF TREATMENT 


147. Case I. Given or assumed: Ri, Ro, A1, Ao; required 
A, Ti, and T;. This is the logical case of a compound curve, 


Be ag 


Os A, 
Fia. 52. 
and occurs more often than the other cases. From Fig. 52, 
A = Aj+Az2: 
AG = PG = Re tan Fg 
HP = BH = R, tan SAY 


Then, 
GH = PG+PH 
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Solve the triangle VGH for VG and VA, knowing the angles 
at G and H and the distance GH. 
Finally, 
AV = T2% Re tan 4A,+VG 
and 

BV = T; = Ry tan 5A, +VH 


148. Cases I, II, III, IV, and V may be solved by use of the 
general equations which will now be derived. 





Fie. 53. 


149. General equations. In Fig. 53, AP and PB are the 
two arcs of a compound curve. The radii 014A and OoP are 
designated by Ri and Re and the central angles are A; and Ag. 
The tangents AV and BV are denoted by 71 and 7». 
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Construction. Produce the arc AP to Q so that the angle 
AO,Q = A; likewise, produce arc BP to J so that the angle 
POWJ = Ay. Draw AM and QS perpendicular to 0;Q and 
O2B, respectively. Draw QN and AH parallel to POs, BG 
perpendicular to O2.J, BF and AE perpendicular to AV and 
BV produced. 

Draw the chord QB, and from N as a center and radius NQ 
(= Re—R)) deseribe an arc. Likewise, draw chord AJ and 
from H as a center with radius HA (= Re—R)) describe the 
arc AJ. 

From the figure, 








AE = MQ+8SB 
or 
T,sin A = R,; vers A+(R2—R)) vers Ag (76) 
Similarly, 
BF = GJ-IJ 
or 
Tz sin A = Ro vers A—(Re—R)) vers Ai (77) 
Also, 
tanJAI = tan3A aoe 
an 241 Vi 
JI = GJ—GI = Revers A—T?2 sin A 
and 
AI = BG—FV—-—VA = Resin A—T2 cos A—T 
Rz vers A—T2 sin A 
TA, = 78 
a elaine, eos ) 
Likewise, 
tan BQS = tan Ag = ee 
an = tan gA2g = 50 


SB = AE—MQ = Tysin A—R vers A 
and 
SQ = BV+VE-—MA = T2+T; cos A—R sin A 


iba T,sin A—R, Mais (79) 
4 T.+T; cos A—R; sin A 





150. Case I. Given or assumed: Ri, Re, A1, Ao; required 
A, Ti, and T%. 
A = Aj+Ag 
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Solving general equations 76 and 77 we find, 


ie R, vers A+(R2—f}) vers Ao 
1 => e__ 


76A 
‘ sin A Me 
and 
oe Re vers le vers Aj (7A) 
sin A 


151. Case II. Given or assumed: A, T1, T2, and Ry or Re; 
to find Aj, Ag, and Re or Ry 
(a) Ry given or assumed. 


Equation 79 gives 
T, sin A—R; vers A 


To+T cos A—R, sin A 





tan 3 Ae 


Then, 
Ay = A—Ag 


To find Re solve equation 76, and 


T,sin A—R A 
ie el Rit 15mm 1 vers (76B) 


vers Ae 
(b) Re given or assumed. 


Equation 78 gives 
Re vers A—T2 sin A 


Resin A—T2 cos A—Ty 





tan ZA) = 


and 
Ag = A—A, 


Solve equation 77, and 


Re vers A—T2 sin A 
Ry = Ree ee (77B) 
vers Ay 


152. Case II. Given or assumed: AB, and the angles 
VAB, VBA, and Re or Ry; to find Ay, Ag and Rj or Ro. 

(a) Ro given or assumed. 

Solve the triangle BAV by the sine formula for AV = 7 
and VB = T>2. The solution is then the same as that in case 
IIb. 

(b) Ri given or assumed. 

Find 7; and 7 as in a; thence, as in case ITa. 


§ 154] METHOD OF TREATMENT 121 


153. Case IV. Given or assumed: Ri, Ro, the angle A, and 
one tangent, Ti, or T2; to find the other tangent and the central 
angles Ay, Ao. 

(a) With T; given solve equation 76 for Ae, and 

T, sin A—R, vers A 
vers Ag = ——____—_. 76C 
2 Pooks (76C) 
Then, A; = A—Ag, and 7 is found by equation 77A. 
(6) With T. given solve equation 77, and 
Re vers A—T>2 sin A 
ers Ay = ——___—_—_ 77C 
v 1 naa (77C) 
Then, Ao = A—Aj, and 7) is found by equation 76A. 

154. Case V. Given or assumed: A, one tangent, and the 
radius and central angle of the adjacent arc; to find the other 
radius and other tangent. 

(a) Given A, T;, Ri, and Aj; to find Ag, Re and T>. 


Now, 
Ag = A—Ay 


Solve equation 76, whence 


T, sin A—R, vers A 


Ro—R; = 
2 : vers Ag 
and 


T sin A—R, vers A 
Re = fA atticcalic a PAE ae (76B) 
vers Ag 
T> is found from equation 77A. 


(b) Given: A, T2, Re, and Ag; to find Ai, R; and 74. 


Now, 
Ai = A—Ag 


Solve equation 77, whence, 


Rz vers A—T2 sin A 
Sa 2 pe ik ad 
vers Ay 
be R: A—Te2sin A 
R= J ype bet tee STS Nee (77B) 


vers Aj 


T; is found from equation 76A. 
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155. General equations. Cases VI and VII may be solved 
by use of the. general equations which will now be derived. 
From Fig. 54, 


AG = GR = 4 = Pitan 
and 
(PH — 3B or — ah wal 3Ao 


By the law of sines, 


Ti—h h-Fe Try Lots 


a ne a. 5 A 
sin Ag sin A sin Ao sin Aj 








Solving these equations for ta, gives 


T,;—t) sin A T,—t) sin A 
sees 1—t) Le aiealt Tae 1 ty 1 
sin Ag sin Ag 





Eliminating t2 and solving for 4, we have 


* Ti(sin A+ sin Aj) —T2 sin Ag 
sin A+ sin A;+ sin Ag 





hy 


Substituting for 4 its equal Ri tan Ai, gives 


Tx(sin A+ sin Ay) —T2 sin Ag 
tan $A;(sin A+ sin A;+ sin As) 





1= (80) 


Similarly, 
__To(sin A+ sin Ag) —T} sin Ay 
tan 3 Ao(sin A+ sin Aj+ sin Ag) 





2 (81) 
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156. Case VI. Given or assumed: Ti, T2, Ai, and Ag; to find 
A, Ri, and Re. 
Find A from 
A = Ai+Ae 


Solve equation 80 for Ri and equation 81 for Re. 

Example. Given: T; = 937.82, Tz = 2847.51, Ay = 32° 20’, 
and Ag = 18°10’. Ans. A = 50°30’; Ri = 719.27; Re = 
9985.40. 

157. Case VEL. Given or assumed: a radius, a nonadjacent 
tangent, and the central angles; to find the other radius and the 
other tangent. 

(a) Given: Ri, T2, Ai, and Ag; to find A, Re, and T}. 

Find A from 

A = Ai+Ae 


Solve equation 80 for 71. 


_ T2sin Ao+R; tan FA;(sin A+ sin Ai+ sin Ag) 
sin A+ sin Ay 





fey (82) 


Solve equation 81 for Re. 
(b) Given: Re, T1, A1, and Ag; to find A, Ri, and T2. 
Find A from 
A = Aj+Ae 


Solve equation 81 for T. 


ee T, sin Ay+Re tan 4 Ao(sin A-+ sin A;+ sin Ag) 


sin A+ sin Ag ee) 


T2 
Solve equation 80 for Ri. 


FIELD WORK 


158. The usual field procedure. The usual procedure 
for locating a compound curve in the field is very nearly the 
same as that used for locating a simple curve. The tangents 
are established in the same way, and the plus of the P.I. and 
the value of A are measured. 

The remaining data required are obtained in various ways. 
Usually the radii of the two arcs of the curve are taken from 
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the map in the same way the radius of a simple curve is ob- 
tained. Unlike a simple curve, however, the value of A and 
the values of the radii of the two arcs are not sufficient to 
determine a compound qurve (see § 146). Accordingly, in 
order to place the compound curve on the ground in the posi- 
tion shown on the map, some additional scaled value is neces- 
sary. Ordinarily, one of the central angles is measured with a 
protractor, or one of the tangents is scaled. With four parts 
thus selected the other parts may be computed, using case I 
or case IV. 

The compound curve is so flexible that it can be used to 
solve many difficult location problems. For example, cases 
II, II, or VI would be used when the positions of the tan- 
gents could not be changed and the positions of the P.C. and 
the P.T. were rigidly limited by right-of-way requirements. 
Case V might occur in planning a structure to support a 
compound curve that must connect with an existing tangent 
where the first arc was fixed, etc. 

Whatever may be the means of obtaining the necessary 
data, the steps for locating a compound curve under usual 
field conditions are,the same. They are: 

1. Set P.I. 

2. Measure the plus of P.I. 

3. Measure A. 

4. Compute the various parts required, for example: if 
A; had been scaled, compute 7j, T2, and As. (Assume that 
the shorter arc comes first.) 

5. Compute plus of P.C. = plus P.I.—T7}. 

6. Compute Ly = 100Ai/Dy. 

7. Compute plus of P.C.C. = plus P.C.+J). 

8. Compute Lz = 100A:2/De. 

9. Compute plus of P.T. = plus of P.C.C.+Lz. 

10. Compute the deflection angles and subchords. The 
deflection angles are computed as though a tangent existed 
at the P.C.C. Deflections from the back tangent are used 
for the first arc and deflections from the common tangent 
at the P.C.C. are used for the second arc. The first deflection 
on the second arc is computed as follows: 


bg = plus of station following P.C.C.—plus of P.C.C. 
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Then, 


Thereafter, the deflections on the second are are computed 
by successive additions of +D2 as usual. 

11. Set P.T. Measure 72 from P.I. 

12. Set P.C. Measure from nearest station. 

13. Run curve: This is performed in the usual manner 
until the P.C.C. is located. The transit is then set up on 
the P.C.C. and oriented to the 
second arc. For this condition 
to be obtained, the vernier 
must read zero when the transit 
is sighted along the common 
tangent. Accordingly, point 
at any station on the first arc 
with the vernier set at the de- 
flection angle of the P.C.C. 
minus the deflection angle of 
the station sighted (measured 
clockwise for left curves and 
counterclockwise for right 
curves), Fig. 55. 

The imaginary procedure for 
computing this setting is the 
following: 

Sight 7, telescope reversed, vernier zero. Turn clockwise 
to any point C. The vernier will read the angle TBC. 

ZTBC = ZCAB both measured by one-half the same arc. 

ZCAB is the difference in deflection angles between the 
P.C.C. and the point C on the curve. 

14. Check at the P.T. for line and distance. 

159. To locate a compound curve when the P.C.C. is 
inaccessible (Fig. 56). The curve is run in the usual manner 
until some station A is set short of the P.C.C. The transit is 
set up at A, oriented to the first arc, and turned to a deflection 
angle which will cause it to point along the chord AD parallel 
to the common tangent. It is apparent by symmetry that are 
AP equals are PB. Accordingly, if the difference between the 
deflections for A and P is added to the deflection for P, the 
deflection for B will be obtained. 





Fria. 55, 
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The distance AD is measured out. It is computed as 
follows: 
ZAOWH = 2(defl. P—defl. A) 


AE = Risin ZAOQW 
EP = Rivers ZAQ\E 


EP 
vers Z HO.) = — 
Re 


ED = Resin ZHO2D 
AD = AH+ED 
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When D has been established, the transit is set up over it 
and oriented to the second arc as follows: sight A, telescope 
reversed, vernier set at the deflection angle for D but on the 
opposite side of zero. 

It is apparent from symmetry that are PC equals are PD. 
Therefore, the change in deflection from P to C is equal to that 
from P to D. 

The curve is continued from D in the usual way. 
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SPECIAL PROBLEMS IN COMPOUND CURVES 


160. To compound a simple curve so that it will end in 
a given parallel tangent. This is capable of two types 
of solutions: (1) The P.C.C. can be placed where desired 
along the existing curve and the required newradiuscomputed, 
or (2) the new radius can be selected and the required posi- 





Fie. 57. 


tion of the P.C.C. computed. In each type the new tangent 
may be inside or outside the old tangent. 

(a) Position of P.C.C. assumed, new tangent inside (Fig. 57). 

Let APD be the original simple curve with center O and 
radius R, and let DD’ be the required distance p between the 
tangents. Ai and Ag are known from the assumed position 
of P. Required to find the radius R; of the curve PB ana the 
distance D’B. Construct HB parallel to OP. 


HB = 00; = R-Ri = HD 
D'D = p = (R—Ri) vers At 





R; = R-— (84) 
vers Aj 


D'B = (R—R)) sin Ai (85) 
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(b) Position of P.C.C. assumed, new tangent outside (Fig. 
58); required to find Rz and DB’. 





Similarly, 
BB = > = (Re—R) vers Ag 
Pp 
Rp = R+ (86) 
vers Ag 
DB’ = (R2—R) sin Ag (87) 





Fig. 58. 


(c) New radius selected, new tangent inside (Fig. 57); 
required to find Ay, As, and D’B, 


Solve equation 84 for Aj: 


vers Ay = aoa (88) 


Then, Az = A—A\, and find D’B from equation 85. 
(d) New radius selected, new tangent outside (Fig. 58). 
Required to find Aj, As, and DB’. 


Solve equation 86 for A, 


vers Ag = 





Pp 
Ro—-R (89) 


Then, Ay = A—Ag, and find DB’ from equation 87. 
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161. Given: a compound curve ending in a tangent; to change 
the P.C.C. so that a curve of same radius may end in a given 
parallel tangent (Fig. 59). 


Let APB be the given curve ending in VB, 
V’B’ be the given parallel tangent, 
p = perpendicular distance between tangents 


It is required to change the point P and with it the values 
of Ai and Ag, so that with the 
same radii Ri and Re the new 
curve AP’B’ may end in the 
parallel tangent V’B’. 

(a) When the tangent V’B’ 
ts inside VB: 

In this case since the new 
tangent is inside the old, 
there will be less space to 
make the turn, consequently, 
the sharper arc oust be 
lengthened or the point P Fic. 59. 
advanced along the line. 

Let Ai = AO,P, Ai’ = AO;P’, Ag = PO2B, Ac’ = P’O2'B’, 
and in the diagram draw O:G perpendicular to BO2; then GO2 
= 0,02 cos Ae, KO! = O02! cos Ag’. Since 0102 = 0409’ = 
(R2e—Ri), and KO?’ —GO2 = GB—KB’ = Pp 


p = (Re—R1)(cos Ag’ — cos Ag) 





whence, 
P 


R2o—R, 


PO,P’ = (Ag—Ag’) and the point P is advanced. 

(b) When the tangent V’B’ is outside VB: 

In this case, the condition is the reverse of that in (a). 
There will be more space to make the turn, and the sharper 
arc must be shortened. A new figure may be constructed, or 
the letters V and V’, P and P’, Oo and Oy’, and B and B’ in 
Fig. 59 may be interchanged: 





cos Ae’ = + cos Ag (90) 


ll 


p = (Re—Ri)(cos Ae— cos Ag’) 


whence 





cos Ag’ = cos Ag— (91) 


Pp 
Ro—-Rky 
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PO\P! = (Ao/— As), the point P is moved back, and the arc 
AP diminished. 

In case the curve terminates with the arc of shorter radius, 
or Ry follows Re (Fig. 60 

(c) When V'B' is inside VB: 

In this case since the new tangent is inside the old and the 
curve ends with the sharper arc, there will be less space and, 





Fie. 60. 


consequently, the flat are must be shorter, with the point P 
brought backward to P’: 


p = (R2—R1)(cos Ai1— cos Ay’) 








whence, 
Pp 
Ay’ = cos Ay— 2 
cos Ay cos Ay RB, (92) 
PO2P’ = (A;’—A)), and the point P is moved back. 
(d) When V’B’ ts outside VB: 
p = (Re—R1) (cos Ay’ — cos Aj) 
whence, 
£08 Ay" = €08 Art = = (98) 


PO2P’ = (Ai—A1’), and the point P is advanced. 

This case is the reverse of that in (c). A new figure may 
be sketched from the suggestion similar to that given 
in (0). 

Example. Let Ro = 2292.01, Ri = 1432.69, Ap = 28°, and 
p = 20.07 inside VB (case a). 
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D 20.07 log 1.302547 
(90) Re—R, 859.32 log 2.934155 
0.023356 log 8.368392 
As 28° cos 0.88295 
a Ao’ 25° ~— cos 0.906306 
ce © PO PR! 32 


162. Given: a compound curve terminating in a tangent; to 
change the P.C.C. and also the last radius, so that the curve 





Fig. 61. 


shall end in a parallel tangent at a point on the same radial 
line as before (Fig. 61). 

Let APB be the given curve ending in the tangent VB; 
let V’B’ be the given parallel tangent; and let p = BB’ = HI 
= the perpendicular distance between tangents. 

(a) It is required to change the point P to P’ and also the 
value of Re to Ry’, so that the new curve may end in V’B’ 
at B’ irside VB on the same radial line BO». 

In the diagram produce the arc AP to G to meet 0,G drawn 
parallel to O2B; then, PO;G = Ae. Draw the chord PB, and 
it will pass through G. Lay off the distance p from B on 
BO, to find B’; draw B’G, and produce it to intersect the arc 
APG in P’. Then P’ is the P.C.C. required. Join P’O,, 
and produce it to meet BO2 produced in O2’. Then P’O2’ = 
B’O,' = Re’, the new radius, with which describe the arc 
PUB 
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By Geom. Table XLI, 18: 
PBV = 5P02B = 3a, and P’B'V’ = 3P'02'B’ = 1a,’ 


\ 
PGP’ = BGB’ = 4(Ag—Ao’) 


Draw O1K perpendicular to BO>. 
Then 0,K = B’H = BI = 0,0¢ sin Ae = (Re—R)) sin As. 


GI GH  GI=5 
tan $A, = — Fag —— = 
Pama Gali ew la Oya ee a, 
Dn, 1 Pp 
tan 7Ae’ = tan 3Ap———_—*_+ 4 (94) 


(R2—R)) sin Ag 
In the triangle 0,020)’, 


sin Ao’ :sin Ae :: 01022030.’ :: (Re—R)) :(Re’ — Rj) 


sin A 
Re —Ry = sin a2 
and 


sin A> 


Re! = (Ro—R)) AN 
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(b) If B’V’ were outside VB: 





tan +As’ = tan +A eit Penge 
an 3A an > ABET BOSS ae (96) 
sin A 
Ry! = (Ro—R)——"-+ R (95) 
sin Ao 


+R (95) - 


| 
| 
| 
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(c) When the smaller radius Rj follows Ro, of the given tangent 
B’V’ is inside of BV (Fig. 62): 


P 














tan 3A;’ = tan 341 +——___ 
an 7A} an 5 1+ Ry) =a (97) 
in A 
Ry = Ran (Rp—R) = (98) 
sin Aj; 
(d) If B'V’ ts outside BV: 
tan 4A,’ = tan 3A a er ee 
ee a ae ies winced ME boas 
sin A 
Ry’ = Ro~(R2—R)——— (98) 
sin Aj 
Example 1 (Fig. 61). 
bd 
Let Ry = 2292.01 p= 20.07 inside . 
R, = 1482.69 Ae = 28° 
(94) Re—R, = 859.32 log 2.934155 
Ae 28° log sin 9.671609 
2.605764 
p 20.07 1.302547 
0.04975 8.696783 
tandAg = 0.24933 
Pe 3 tan Ae 0.19958 11°17’ 
(95) Ao! 99° 34! sin 9.584058 
(R2—R1) 2.934155 
3.350097 
As 28° sin 9.671609 
(Re’—R;) 1051.25 3.021706 
R, 1432.69 





Ans. Ro! = 2483.94». D = 2° 1825” 


PO,P = 28°—22°34’ = 5° 26’... PP’ = 185.83 ft 
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Example 2 (Fig. 62). 


Let Ry = 2292.01 p = 20.07 inside 
R, = 1432.69 A; = 46° 


Ans. Ry’ = 1474.41 «. D = 3° 53/12” 


3°.1166 


POoP’ = Ay'—A; = 3°07’ «. are PP’ = = 124.67 ft 





Observe that in either figure both tangents must be on the 
same side of the point G, in order to reach a solution. 

163. Given: a compound curve ending in a tangent, to change 
the last radius and also the position of the P.C.C., so that the 
curve may end in the same tangent (Fig. 63). 
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I. When the curve ends with the greater radius Ro: 

Let APB be the compound curve in which Ry, Re, Ai, and 
Ag are known. 

In the diagram draw the chord PB, and produce the first 
arc AP to meet it in G; draw 0,G, and produce it to meet 
the tangent in K. Draw a line from G parallel to POs. 
Then, by § 131, O1K is parallel to O2B, by equation 51. 


GK = (Ro—R)) vers Ag (100) 


(a) If we assume P’ as the new P.C.C., we have As! = 
P’O;'B’, and the chord P’G produced will intersect the tan- 
gent at the new point of tangent B’, and B’O2’ = Ry’. Draw 
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a line from G parallel to P’O’. Similar to equation 100 we 
have 


GK = (Re’—R)) vers Ag’ 


and, equating the two expressions, we obtain 





Ro—R)) vers A GK 
Re! = Gafep Ha =Hakerons Oe = Ri+ - 4 (101) 
vers Ao vers Ag 
(b) If we assume Ry’, we have, from equation 101: 
vers Ag’ = tie vers Ap = ae (102) 
| ee Re a Ri =P; 


In the two right-angled triangles BKG and B’KG, we have 
BK = GK cot $A 
B'K = GK cot $A,’ 
and, by subtraction, 
BB’ = GK(cot 4Ae’— cot $Ag) (103) 


in which GK is obtained from equation 100. 

When BB’, as given by equation 103, is negative, the point 
B’ falls between B and JV. 

(c) If we assume the distance BB’ on the tangent, we have, 
from the last equation, 


, 


cot 4Ae’ = cot 3A Be (104) 
Je ng ach AC 


GK being obtained from equation 100 and FR’ from equation 
101. In equation 104 use the + sign when B’ is beyond B 
as in Fig. 63. 

II. When the given curve ends with the smaller radius R; 
(Fig. 64): 

We have, by a similar reasoning, 


GK = (Re—R)) vers Ay (105) 
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N _ GK 

hits jee I te iy er ila 138 
— Ai vers Aj 
Re—R, GK 
vers Ay’ a Ro—Ry! vers Ay = Ro—Ry (107) 
BB’ = GK(cot 4A1— cot $A1’) (108) 
BB’ 

ZAr’ = cot 7A; +—— 109 
cot 3A1’ = cot ato (109) 


using the — sign when B’ is beyond B. 





Example (Fig. 64). 

Let Rz = 2291.01, Ri = 1432.69, A, = 46°, and let the 
P.C.C. be moved back 200 ft from P to P’; hence, POo’P’ = 
5°, and Aj’ = 51°; to find the new radius Rj’ and the distance 
BB’. 

Use equations 105, 106, and 108. 

Ans. Ry’ = 1584.16; D = 3° 37’; and BB’ = 68.04 


THREE-CENTERED COMPOUND CURVES 


164. Given: a simple curve joining two tangents; to replace 
it by a three-centered compound curve between the same 
tangent points (Fig. 65). 
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Let R = AO = radius of simple curve 
Ri — £0, — POE Ne Ore 
Re = AOzg = BO3>R Ag = AOeP = BO3P' 
A = AOB 


Since AQ, is made equal to BO3, and VA = VB, AOoP must 
equal BO3P’, and the compound curve will be symmetrical 





Fre. 65. 


about, the bisecting line VO; and the center O; will be on the 
line VO. 
We have at once, from the figure, 


2Ao+tAy =A (110) 
In the triangle 00,02 we have 


0;02:002::sin AOV:sin PO\V 
whence, 
(Re—R) sin $A 


Re—Ry = : 
sin SAy 


(111) 
which expresses the general relation between the quantities, 
R and A being given. 

Various combinations may be assumed. 


(a) Assume values for R; and Re subject to the foregoing 
conditions, namely, Ri<R and Re>R; whence 


; (Ro—R) sin 3A 
1 
AS 112 
sin 2741 oe (112) 
In selecting values for Ry and Re, the degree of curve D; 
should be but little greater than D of the simple curve, say, 
30 to 60 minutes, while Dz may be taken at 3D to iD. 
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Example 1. Given: R = 1719.12; D = 3° 20’; A = 40°. 


Let  Ryj=1432.69_ D; = 4° 
Re = 5729.65. De = 1° 





Ro—-R 4010.53 log 3.603202 
Ro—R, 4296.96 log 3.633161 
log 9.970041 
ZA 20° log sin 9.534052 
3Ay 18° 36’ 57” log sin 9.504093 

Ay 87° 13’ 54” 

Ae 1 23’ 03” 


AP = P’B 188.4 ft 
(b) If we assume Ag and Rj, then, 


Ay = A—2d¢ 
oa R sin 3A—R, sin $Ay 
R2 = “Vane anal 7 (113) 
Example 2. Given: R = 1719.12; A = 40°. 
Let Ry, = 1432.69 Ag =1° wo Ay =38° 
Ans. Rez = 7387.24 .. De =0° 463’ AP = 129 


(c) Finally, we may assume Ag and Re and deduce A; and 
R, from equations 110 and 111; but this is the least desirable 
because the value of Ri so found will not usually give a con- 
venient value to the degree of curve Dj. 

165. To determine the distance HH’ between the middle 
points of a simple curve and a three-centered compound curve 
joining the same tangent points AB (Fig. 65). 

In the triangle 00102, we have 


sin Ag 





00; = (Re—R)) 


sin 2A 


HH’ = 00,+0,H'—OH 


sin Ae 
sin 5A 





HH’ = (R2—R}) = (ie — Fen) (114) 
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In the first example given above HH’ = 14.55, and in the 
second HH’ = 17.05 ft. 

In many instances the distance HH’ is so great as to render 
this problem practically useless, unless the distance HH’ is 
discounted beforehand by putting the simple curve AHB a 
sufficient distance inside the proper location through the 
point H’. But the following problem is usually preferable. 

166. Given: a simple curve joining two tangents; to replace 
it by a three-centered compound curve which shall pass through 
the same middle point H. 

I. The curve flattened at the tangents (Fig. 66). 

Let R = AO, the radius, and A = the central angle of the 
simple curve AHB, and let H be the middle point. 


Let Ry = PO; = HO; & A, = POW’ 
Ry = PO, = A'O2 = B’O3 Ag = POQ2A’ = P’03B' 


and A’ and B’ be the new tangent points required. 
We have at once, as in the last problem, 


2Ao+A; = A (115) 


Since the curve is to be symmetrical about VO, HP = HP’ 
PA = P’B, and AA’ = BB’. 

In the diagram produce the are HP to G, draw O,G parallel 
to OA, and produce it to K. Then a tangent line at G will 
be parallel to VA; and by § 131 the point @ will be on the 
long chord HA and on the long chord PA’. GK is the per- 
pendicular distance between parallel tangents, and the prob- 
Jem is similar to that given in § 164. Draw GN parallel to 
PO, and GM parallel to HO. Then by equation 51 we have, 
in this case, 


GK = (R2—R)) vers Ag = (R—R)) vers $A (116) 


for the general equation in which R and A are given. 
Analogous to equation 103, we have 


AA’ = KA’'—KA = GK cot GA'K—GK cot GAK 


AA’ = GK(cot $A2— cot tA) (117) 


in which GK is obtained from equation 116. 
Certain assumptions may be made. 
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(a) Assume values for Ry and Re, making Ri<R and Re>R, 
and deduce the values of Ao, Ay, and AA’. 
Solving equation 116 gives 


(R—R)) vers $A COP ES 
Ro—R, R2—Ry 


vers Ap = (118) 





Equation 115 gives Ai, and equation 107 gives AA’, 
Example (Fig. 66). 


Given: R 764.489 D = 7° 30’ A = 40° 
Let Ry 716.779 Dy = 8° 
Re = 3437.870 Dz = 1° 40’ 


Use equations 116, 117, and 118. 
Ans. Az = (say) 2°38’; AA’ = 108.87. 


It 
ll 


(b) Again, assume Ag and R, <R; whence 
Ay = A—2Ae 
and from equation 116, 
GK = (R—R)) vers 2A 


and 
GK 


ho =F 
ee Ag 





(119) 


Equation 117 gives AA’. 
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(c) Again, we may assume Ag and the distance AA’; whence, 
from equation 117, 


A’ 
GK as 


- cot $A2— cot tA sone 
From equation 116, 


K 
Ry = k- es 


vers $A 





Equation 119 gives Re. 
(d) Finally, we may assume Ry<R and AA’; then, equation 
114, 
GK = (R—R)) vers$A 
and equation 117, 
AA’ 
GK 





cot Ag = cot A+ (121) 


and equation 119 gives Re. 
Example (Fig. 66). 


Given: R = 764.489 D = 7° 30’ A = 40° 
Let Ry, = 716.779 D, = 8° 
AA’ = 110 


Use equations 121 and 119. 

Ans. Ro = 8476.3; Do = 1°39’; AP! = 157.0, A; = 
34° 46’. 

Il. The curve sharpened at the tangents (Fig. 67). 

This case will occur only when, with a given external dis- 
tance VH, a simple curve would absorb too much of the 


tangents. 
Let AHB be the simple curve, and A’PHP’B’, the required 
compound curve 


Ry = PO, = HO, Ag = PO2P’ 
R; = PO; = A’O2 = B’03 hy = A’'0\P = P’03B’ 


From the figure, 
2A; +A, =A (122) 


In the diagram draw O2G parallel to OA, cutting the tan- 
gent at K, and produce the are HP to G. Draw the chords 
GH and GP, passing through A and A’, respectively. The 
discussion is similar to the preceding case and to the problem 
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§ 163, Fig. 64. Draw A’M and AN parallel, respectively, to 
POQz and HOz. Then, we derive the general formulas: 


GK = (R2—Ry) Vers Ay = (Re—R) = vers3A (123) 





and 
AA’ = GK(cot $41— cot 3A) (124) 
(a) If Ri}<R and Re>R, 
ers A oe aes vers 3A (125) 
Vv = = —— ve > 
RR Ropes . 





Fia. 67. 
(6) If A1<3A and Ri <R 


_ Rvers }A—R;j vers Ay 





R 
- vers 3A— vers Ay (126) 
(c) If Ay<}A and AA’ 
AA’ 
~~ cot 2A1— cot +A (127) 
GK 
Row 
2= Ry Te re (128) 
GK 
R = —_— 
1= Re Se (129) 
(@) If R2>R and AA’ 
GK = (Re—R) vers ZA 
, 
cot 3A; = cot tA Mea (180) 


GK 
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The third assumption will usually secure most readily the 
desired curve. AA’ should be assumed as small as the nature 
of the case will allow, and A; should not be much smaller 
than ZA. 

It is evidently not necessory that the new curve should be 
syrametrical; for, once the curve A’PH is laid out, the simple 
curve HB may then be used, or, if desirable, some compound 
curve HP’B’ determined by an assumed value of BB’ not 
equal to AA’. 

These formulas 115 to 130 are readily adapted to the case 
of substituting a compound for a simple curve when it is 
necessary to keep one tangent point fixed, but to move the 
other a certain distance in either direction on the tangent. 
For if in Figs. 66, 67, we draw a tangent at H and make H 
the fixed point of tangent, it is evident that the central angle 
of the curve will then be AOH. The only change necessary, 
therefore, to adapt the formulas to this case is to write A in 
place of 4A, and to observe, instead of equations 115 and 122, 
that 


AitAg =A 
Example (Fig. 66). 
Let R = 1910.08 A = 84° 
Assume: AA’ = 260 Jae C= ie *, Ag = 8" 


Use equations 127, 128, and 129. 
Ans. Ry = 5294.15; Ri = 1193.88; D = 4° 48’; A’P = 
791.67; and PH = 369.23. 


167. Given: two curves joined by a common tangent; to 
replace the tangent by a curve compounded with the given 
curves (Fig. 68). 


Let R,; = BO, the radius of one curve 
Rz = AOz the radius of the other curve, >R1 
1 = BA the common tangent 
Re = POz = P’O2 the radius of connecting curve 
Ae = POP’ the central angle of connecting curve 
a = AO3P’ and B = BO,P 
t = AO301 
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In the didgram join 0103, and draw 0G parallel to BA. 
Then, in the right-angled triangle 0;GO3 we have 


Ge eR 


cot7 = — 





(131) 





(132) 


Fie. 68. 


which gives the distance between the centers of the given 
curves. 

Many different assumptions may be made in solving this 
problem. 

Case I. If the radius Ro is assumed, then, in the triangle 
010203 we know all three sides; for 0:0. = (Re—R), 0203 = 
(R2—Rs3), and 0,03 = (R3—Ry)/cos 7. 

By Table XLII, Trigonometric formula 31, 


2(s —0102)(s —O203) 
O02 x 0203 


in which s = 4 sum of the three sides. 
Substituting values, and reducing, observing that, 


vers Ag = 


1 1 
COS 2 COs 2 


and that (R3—R)) tani = l, we have 
? 


Ag S SOS oe aa 
ee 2a RyRy oe 
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Tn the same triangle, 


030 
sin O;0i0e:3 Sik aanict = sin (i—8) (133A) 
1 


for, from the figure 030,02 = 7—8, and taking the value of 
0,03 from equation 132 gives 


sin (i—f) = a as (134) 


Having previously found 7 from equation 131, we obtain B 
and then a, since, from the figure, Ag = a+. With the 
angles a and 8 known, the points P and P’ are located, and 
the problem is solved. 

Ordinarily, this one case is sufficient for this problem, but 
for sake of completeness other cases are given. 

Geometrical truths. Before presenting the other cases we 
shall now assume the following geometrical truths, which 
may be easily demonstrated. 

If two circles intersect in one point, they intersect in two 
points; and the line joining the two points is the common 
chord. 

The common chord is perpendicular to the line joining the 
centers, and, when produced, it bisects the common tangents. 

If a third circle is drawn touching the two circles, a tangent 
to the third circle, parallel to the common tangent, will have 
its tangent point on the common chord produced. 

Conversely, therefore, if the tangent BA be bisected at K, 
and a line KT drawn perpendicular to 0103, KI will coincide 
with the common chord produced, and the angle [KA = 
AO;0; =7. If on KJ we assume a point J through which it 
is desirable that the connecting curve should pass, then, J is 
the tangent point of a tangent parallel to BA; consequently, 
a line through J perpendicular to BA contains the required 
center Oo. 

Case II. Let p = HI = the perpendicular distance between 
the tangents. 

If in the diagram we join JA and JB and produce the 
chords to intersect the given curves in P and P’, then: P and 
P’ are the points of compound curvature; the lines PO; and 
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P’Os produced will intersect JO: in the same point O2; and 
the angles P’O2I = a and POI = B. 

In the triangle AJB the line KI bisects the base AB, and 
we have, by Geom. Table XLI, 25, 


AP+BP = 2AK?4+2K/?? 


By equation 50, 
AI = 2(R2—Rs) sin fa 


BI = 2(R2—R;) sin 4 


AK =} and KI =—?- 
Sin 2 





2 2 
4(Ra— Ro? sin? fa-44(Ra—Ry)? sin? $e = $24 —E 
i 
Dividing by 2 and putting vers a = 2sin? $e and vers 
8 = 2sin? 36 (Table XLII, 46) gives 
(2 —Rs)” vers a+(Re—R)? vers B = 424 
But, by equation 51, 


(Re—Rs) versa = (Re—R)) vers B = p (135) 


2 
Pp 
sin? 7 





2 
p(2Re—(R3+R)) = 424+ 
sin 








24 
i? 2 
2R3 = (R3+R)) a ay Was ae, (136) 
4p sin?7z 
From equation 135, 
versa = as vers 6 = on (137) 
and, from the figure, 
Ae = a+p (138) 


These formulas solve the problem when p ts assumed. If 
desirable, we may find a and 8 independently of Ro, for in 
the triangle AJB, [AB = Saand/JBA = 38; and, since HK = 
Pp cot 2, 





. AH i-HK 1 . 
cot 5a = Tn P = apes (139) 


BH _ gl+HK sit 
HI P os Xp 





+cot 7 (140) 
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Case III. In case a or 6 is assumed, we have, from the last 
equation 


l l 


2 lp doe lle 141 
2(cot fa+cot 7)  2(cot $8—cot 2) aay) 


P 


Remarks. For a constant value of J the less the difference 
of R3—Ry, the greater will be the value of the angle 7. When 
Rs = Ri, cott = 0 and z = 90°, and the tangent point J will 
be on a perpendicular to BA drawn through the middle point 
K; and a= 8. On the contrary, as (R3—R) increases, 7 
becomes less, and the foot H of the perpendicular HJ moves 
toward B, the tangent point of the curve of smaller radius 
R,. The distance HK = p cot i. The connecting curve is 
farthest from the tangent BA at J. To find the ordinate from 
BA to the curve at any other point, subtract from p the 
tangent offset for the length of curve from J to the ordinate 
in question. § 109, equation 31, may be used on flat: curves 
with tolerable accuracy, even when the distance equals sev- 
eral hundred feet. 

Case IV. It is evident that in this problem R_ must be 
greater than either R; or R3. As the center Oo is taken 
nearer the line 0103, Re grows less and is a minimum when 
Oz falls on the line 0103. In this case we have Ag = 180°, and 


Re = 3(R3+R1+0103), a minimum (142) 


This limit must be regarded in assuming the value of Ro. 
Since 
0102—0203 = (Re—R1) —(Re—Rs) = (R3—R1) 


a constant value, independent of Re, we infer that the center 
Oy is always on a hyperbola of which O; and Os are the foci; 
(R3—1) equals the diameter on the axis joining the foci; and 
1 equals the diameter at right angles to it, for, in the triangle 
01G03, 

P = 0103’ — (Rs— Fi)? (148) 


Example (Fig. 68). 
Given:  R, = 1432.69 Rz = 1910.08 and J = 400 


11.4; to find Ro, a and £. 


Assume: p 
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Use equations 131, 136, and 137. 
Ans. « = 39° 57’ 34”; Re = 3439.59, called 3437.87; 


a = 7° 00’; B = 6° 07’ nearly ; Ag = 18° 07’. 
Example (Fig. 68). 
Given: RR, = 1432.69 Rs = 1910.08 and J = 400 
Assume: R: = 3437.87; to find As, B, a and p. 


Use equations 133, 181, 134, 138, and 135. 
Ans. Ag = 13° 07' 22”; 7 = 39° 57’ 34”: B = 6° 06’ 55” 
a = 7° 00’ 27”; and p = 11.41. 


16%a. The traverse method. As in the case of simple 
curves, many of the problems of compound curves may be 
solved by the principles of the traverse. In general, the work 
for compound curves will fall under two heads, called the 
traverse of centers or the traverse of chords, and shown in 
Fig. 50. The reader is referred to books on surveying, under 
the case of supplying “missing data,” for more detailed solu- 
tions, and also to Chapter XXI and § 420 of this book. 


CHAPTER VII 
REVERSED CURVES 


168. A reversed curve is a combination of two simple 
curves of opposite curvature. There is a common tangent 
at their point of junction. The outer rails of the two arcs 
are on opposite sides of the track at the point of reverse curve 
(P.R.C.) and this calls for the elevation of both sides at the 
same time. As there is no opportunity of elevating the outer 
rail at the P.R.C., reversed curves should not be used where 
speed is desirable, as on main lines. They may be used to 
advantage in cross-overs and yard work, and are often impera- 
tive in the location of spur tracks to manufacturing or indus- 
trial plants. 

Reversed curves may be divided into two general classes, 
according to whether the extreme tangents are parallel or 
diverging. 

PARALLEL TANGENTS 


169. Given: the perpendicular distance p between the parallel 
tangents and the common radius of the reversed curve; to find 
the central angle of each arc. (Fig. 69). 

Let APB be the center line of the reversed curve and DG 
the center line between tracks. 


AC = BC’ =r, and ACP = BC'’P =A, 


Then, 
AD = BG =3p 
and Hie 
vers ACP = CP 
or 
2p 
vers A, = oe (144) 


149 
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If p and A, are given, by transposing equation 144, there 
results 





Xap 
sf 


= 145 
vers A; 2) 


170. Given: the perpendicular distance p between the parallel 
tangents and the radius and central angle of the first arc of the 


ov 
/ B : i Cc’ 
C ID A 


Fra. 69, Fie. 70. 





reversed curve; to find the radius of the second arc (Fig. 70). 
Let APB be the center line of the reversed curve, AC = 7, 
BC’ = re, HB = p, ACP = BC'P = A,. 
Draw DG through the P.R.C. and parallel to AH. 


Then, 


HB = p = AD+GB = CP vers ACP-+C’P vers BC'P 
or 
p = 7; vers A;-+72 vers A; 








from which 
— Pp 
ret Ns vers A; 
and 
fee eet (146) 
: vers A, 3 


If r1, re and p are given, A, may be found by transposing 
equation 146, giving 
Pp 
ri+re 





vers A, = (147) 
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171. Given: the perpendicular distance p between parallel 
tangents, the chord distance d, between the P.C. and the P.T., 
and the radius 1 of the first arc of the reversed curve; to find the 
radius Tz of the second arc (Fig. 71). 

Let APB be the center line of the reversed curve: 


AB =d, AC = 1, BC’ = 2 


It may be proved that the line AB passes through P, the 
point of reverse curve. By drawing a line C’L parallel to 
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BA and erecting a perpendicular to it, a triangle KCL is 
formed which will be similar to the triangle ABH. 


Then, 
CL:iLK:: AB: BH 


But 
CL =ri+m, LK = 4+AB and BH =p 
(rire) 3d ::dip 
or 

Fie pI 2p 

d 
an z 

Yee nT (148) 

2p 


If ry, 72, and p are given, d may be found from equation 148. 


d =V 2(r1+72)p (149) 
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With equal radii, 71 = rz = r, and equation 149 becomes 


a 
Nr=— (150) 
4p 
and equation 149 becomes 
d = 2V/rp (151) 


DIVERGING TANGENTS 


172. Given: the length 1 of the common tangent of a reversed 
curve and the angles of intersection with the diverging tangents; 





Wr \E 
y; \ , 

C 

B 

Va 
4 hp ee 

i 
1% 

Cc A 

Fya. 72. Fre. 73. 


to find the common radius of a reversed curve connecting the 
diverging tangents (Fig. 72). 

Let ViV2 be the common tangent of length 1, AV; and BV» 
the diverging tangents, EV\P = 41, and GV2P = Ag the 
angles of intersection. 


Then, 
ViV2 = ViP+ VoP 
or . 
1 =r tan 3Aj++7 tan de 
whence 


l 


Se 
_ tan tAi+ tan 2A oe) 
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Table III may be used in an approximate solution as fol- 
lows: Find the tangent distances for a 1° curve with central 


angles of A; and Ag, designating them by 7; and T>. Then 
the desired degree of curve will be 


D= ann (approx.) 


173. Given: diverging tangents, a line AB joining them, and 
the angles at A and B; to find the common radius of a reversed 
curve extending from A to B (Fig. 73). 


Let 1 = AB, and EAB and UBG = the given angles A and 
B. 
Draw CM and C’S perpendicular to and CS parallel to AB. 


Let AHC = C’HB = C'CS = H 


Then, 
C’S = CC’ sin H = 2r sin H 
Also, 
C’S = C’N+CM =r cos B+r cos A 
Equating, we have 


2r sin H = rcosA+rcosB 


or 
sin H = 3(cos A-+ cos B) 
Now, 
AB =1= AM+NB+CS 

or 

1 =rsin A-+7 sin B+2r cos H 
and ; 

rr (158) 


sin A+ sin B+2 cos H 


The station of the point P may be found from the degree 
of curve and the central angle C which equals 90°+A—H 

174. The solution of curve problems may often be simplified 
by measuring a certain distance, or an angle and a.distance in 
the field. 

In the case of diverging tangents for reversed curves, an 
easier solution may sometimes be found by prolonging one 
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are until it is parallel to the other, thus using equation 146 
with the distance p know. 

175. Given: the angle of intersection of two diverging tan- 
gents, the distance from the P.C. 
to V., and the unequal radii of a 
reversed curve; to find the central 
angles of the two arcs and the dis- 
tance from V. to the P.T. (Fig. 
74). 

Let the following be the given 
quantities: 

AV the given distance, A the 
P.C. of the curve, and AVT' = A, 

Designate ACP by Ai, PC’B by 
Ao, CA by 11, and C’B by rs. 

Continue the are PA to the 
point # where it comes to a tan- 
gent parallel to V7. 

Then HT is the perpendicular 
distance between the parallel tan- 
gents and if designated by p may 
be found from equation 146. 





ET = p = (n-+12) vers ECP 


Again, 


ET = EK+AS = vers A+AV sin A 
Equating, since HCP = BC’P = As, we get, 


(ri-+re) vers Ag = ry vers A+-AV sin A 


or 
Sanath ry vers A+AV sin A (154) 
ritre 
Ay = Ag—A 
The distance VB = VS+AK—TB 
or 


VB = VA cos A+ri sin A—(r1+12) sin Ag (155) 


176. Given: the angle of intersection of two diverging tan- 
gents, the distance from the P.T. to V., and the unequal radii 
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of a teers curve, to find the central angles of the two arcs and 
the Gistance from the P.C. to V. (Fig. 75). 

The figure is similar to that in the previous section except 
the arc AE is omitted and the lines C’U and MB are drawn 
perpendicular to AV and BH perpendicular to C’U. 


VY 
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A tangent to the arc at the point U will be parallel to VA 
and, frora equation 146, NU = p = (r1+7) vers A1. 
But, 
NU = UH+BM = re vers A+ BY sin A 
pe ro vers A+BYV sin A (156) 
ri+r2 
and 
Ag = Ay+A 
Also, 
VA = VM+BH+NA 


= VB cos A+resin At+(r1+72) sin Ay (157) 


177. Given: the radii of a reversed curve, to change the P.R.C. 
so that the second arc shall end in a new tangent parallel to 
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and at a distance of p from the original tangent, the radii re= 
maining the same (Fig. 76). 

APB in Fig. 76 is the griginal curve; AP'H the new curve; 
GH = p. 

Draw C’K and C’’L parallel to GB. 

Since the radii remain the same, KL = GH = Dp. 





In the triangle CKC’, CK = (ri+re) cos KCC’, and CL = 
» (r1+172) cos KCC’—p. From the triangle C’CL, CL = (r1-+72) 
cos C’CL. 

Equating these two values of CL and solving yields 


Pp 
ry+re 


cos C’”CL = cos KCC’— 





The angle PCP’ will locate the point P’ and is equal to 
C"CK —C'CR. 

The distance PP’ = 100 PCP’ /d1, where dy = the degree 
of the first arc. 


CHAPTER, VIII 


TURNOUTS AND. CROSSINGS 


TURNOUTS 


178. Gauge, sometimes spelled gage (Fig. 77). The 
gauge line of a rail is the line of contact along the head of the 
rail made by the flange of the wheel. The gauge of a track 
is the perpendicular distance between the gauge lines of the 
two rails. The standard gauge line is on the inside of the rail 
5 in. below the top of rail. Standard gauge is 4 ft 8} in. 


Gauge line 


Gauge line 
- a ik 
= = 
oe x 
New Rail 
Gauge line Gauge line 
es a 
= = 
Pd oe 
Worn Rail 


Fic. 77. 


The word gauge is often used to mean gauge line as well as 
the distance between gauge lines. Unless otherwise designated, 
in drawings of track, all dimensions to rails refer to the gauge 
lines, and all lines representing rails indicate the positions 
of the gauge lines. 

157 
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The maximum tolerances for standard gauge for safe opera- 
tion are +4 in. and —{ in. Most railroads require the gauge 
to be corrected to within closer limits. Gauge is often set at 
4 ft 8% in. on tangents and at 4 ft 9 in. on very sharp curves. 
It is usually held at 4 ft 83 in. through turnouts and elsewhere. 

179. A turnout is a curved track leading from one track 
to another. The switch rails are movable and, by changing 

their position, the train is directed to 
the track desired. At the point where 
the outer rail of the turnout crosses 

\ fa | the rail of the main track a frog is in- 

troduced which allows the flanges of 

the wheels to pass the main rail. At 

points opposite the frog, guard rails 

are placed, their object being to pre- 

vent the wheel flanges from bearing 

against the frog point and also to 

keep them from being turned to the 

@ K'"D wrong side of the point. 

\ The stub switch (Fig. 78) is a form 
which is not much used at the present 


B A time. The switch rails are common 
to both tracks. One end of each rail 
Fra. 78. is free and can be shifted from one 


track to the other as required. The 

free end of the rail is called the point or toe of switch. The 
tangent point at A is called the heel of switch, and the dis- 
tance AD is the length of switch. The switch rail should be 
several feet longer than AD or BG, and the excess should 
be spiked down in the line of the main track back of A or B. 
Then, if the switch rails are thrown over to meet the rails of 
the turnout, they will be sprung into arcs coinciding with 
those of the turnout, provided they are the proper length. 
The distance DK through which the point of the rail moves 
is called the throw of the switch. It varies from 4% to 6 in. 
The split switch (Fig. 79) is the form most commonly used 
at the present time. In this form, one rail of the main track 
and the inner rail of the turnout are continuous. The main 
track rail from J to F and the turnout rail from K to F 
are fixed. The switch rails, often called switch points, extend 
from J to C and K to D, They are connected to the rails JF 
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and KF by joint bars at J and K, but they are free to swing 
about these points as pivots. They are connected to each 
other by one or more tie rods so that they move simul- 
taneously. The first tie rod (at CD) is connected to the switch 
stand or to some other operating mechanism. The pivot end 
of each switch rail (at J and K) is called the heel of switch, 
and the other end (at C and D) is called the switch point 
(proper). The position along the track 

of the switch points is called the point 

of switch or P.S. The change of the 

position of this point due to movement 

of the switch rails is negligible (maxi- \ ? 

mum 0.003 ft). The outer switch rail 

when set for the turnout makes an 

abrupt angle with the main track. 

Both switch rails are planed at one 

end to a wedge point } in. in thick- 

ness. To prevent the inner switch rail 

from projecting inside the gauge rail IK 
when set for the main track, the inner 

stock rail of the turnout is bent at a 


point slightly back of the switch point. PS 
Figure 79 shows the switch set for Bic DIA 
the turnout. 

Fia. 79. 


The distance gauge to gauge at the 
heel of the switch should be enough to allow for an angle splice 
and the insertion of a spike. This distance is about 6} in. 

The lengths of switch rails on standard track range from 
11 to 45 ft and over. 

180. The frog. Two general types of frogs are used, the 
rigid frog and the spring frog. The parts of the rigid frog 
are shown in Fig. 80. In the rigid frog, the wing rails are 
both fastened securely to the main part of the frog, with 
sufficient clearance for the flanges of the wheel. The spring 
frog is used where the bulk of traffic is on the main track. 
The main flangeway is always open, but the other is closed 
to afford a continuous bearing for wheels on the main track. 
The movable wing is held against the point by a spring but 
is pushed aside by the flange of each wheel passing the frog 
on the turnout. Frogs may be designated by their angles, 
but it is customary to designate them by numbers expressing 
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the ratio of the bisecting line FC of the tongue to the base 
line ab, Fig. 81. Observe that F is at the intersection of the 
edges produced and not, at the blunt point of the tongue. 
The point of intersection of the two lines is called the theoretical 
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point, and the blunt is the actual point. The actual point is 
usually 4 in. thick. 
In the triangle aFC, 

aC = cot Sak b 
and, if we let m = the number of the frog and F = the frog 
angle, then, 

n=—~=-—— = cot4F (158) 

or 

2n = cot 4F 


If t denotes the thickness at the actual point, then, the 
distance between the theoretical and actual points = nt. 
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181. Rails in a turnout. (a) With a stub switch the 
entire line from the heel of the switch to the point of frog is 
a simple curve. 

(6) With a split switch the switch rails and the frog rails are 
straight. This simplifies fabrication and makes it possible to 
use the same frog for either left or right turnouts. In special 
circumstances special frogs are sometimes built: with curved 
rails. 

182. Leads. The lead is the distance measured along the 
main track from switch point (in stub switch from heel of 
switch) to frog point. There are various kinds of leads as 
follows: 

Stub lead. The distance (measured along the main track) 
from the heel of switch to point of frog is called the stub lead. 
If the distance is taken to the theoretic frog point, it is the 
theoretic lead, but, if to the actual frog point, it is called the 
actual lead. 

Split leads. The distance from the actual switch point to 
theoretic frog point is the theoretic split lead and that to the 
actual frog point the actual split lead. 

Practical leads. In order to reduce and avoid the cutting 
and loss of rails, the American Railway Engineering Associa- 
tion has adopted certain combinations of switches and frogs. 
These are given in Table X XIIB with some necessary quanti- 
ties taken from XXIIA. A short tangent is inserted either 
at the heel of the switch or the toe of the frog. These tan- 
gents have an effect. on the theoretic and actual split leads 
as before defined and give use to what may be called the 
theoretic practical lead, and the actual practical lead. The effect 
of lengthening the tangent at the heel of the switch is to 
lengthen the original lead, and that of lengthening the tangent 
at the toe of the frog is to shorten the original lead. These 
facts may be easily seen by simple sketches. 

In the next section formulas will be derived giving the 
theoretic and actual split leads and then. will follow the 
modification for the “practical leads.” 

183. Split switch. In the split switch both the switch 
rails and the frog are straight. A circular curve called the 
lead curve joins the two and is tangent to them. 

Given: a straight track of gauge g, length of switch rail 1, 
frog angle F, and number n, distance from theoretical point to 
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toe of frog f, distance gauge to gauge at heel of swiich h, thickness 
of frog point t and of switch point w; to find the lead from 
point of switch to the theoRetical frog point and also to the actual 
frog point, the radius of the lead curve r, and the length of 
the rails between heel of switch and toe of frog (Fig. 82). 
Let AK and EJ be the switch rails, DK the distance gauge 
to gauge at heel of switch h, and S the switch angle DAK. 
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Draw the construction lines shown in the figure. 


t h—= 
sin S = = (159) 


The angle V’MI = F, and V’MK = 4(F—S). 


KMI = F—}(F—S) = 4(F+8) 
Now, 
KI = DJ—DK—MN = g—h-f sin FP 
and 
IM = KI cot KMI = (g—h—f sin F) cot 4(F+8) 


Then the theoretical lead = L; = distance from the switch 
point to theoretical frog point = BF = BJ+IM-+NF or 


Lt = 1+(g—h—f sin F) cot 3(F+8)+f cos F (160) 
and the actual lead = Lg is 


La = |+(g—h—f sin F) cot 3(F-+8)+f cos F-+nt (161) 
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One value of GH(= KJ) has just been found. A second 
value is 


GH = GC—HC = (r+4q) cos S—(r+4g) cos F 
Equating these two values and solving for r give 


g—h-fank g—h—f sin F 


SI a Misia Taig sae ae 
ae Sg AS sin 3(F —S) sin 3(F +S) 








(162) 


On FB lay off the distance FP = FM =f. Then the 
distance between the heel of switch and toe of frog on main 
track = JP = BF—BJ—PF, or 


JP = La—l—f—nt (163) 


This equation is independent of the radius and may be 
used to check a second equation as follows: 


JP = HM—IH—PN 
or . 
JP = (r+49) sin F—(r+3g) sinS—fversF (164) 


The length of the curved rail KM is found by the formula, 
KM = 0.017453(r-+39)(F —S) (165) 


in which the angle or arc (F —S) is expressed in degrees. 

184. Given: the theoretical lead, the increase in lead neces- 
sary for the practical lead, and the data for the turnout; to find 
the length of the tangent adjacent to the heel of switch and 
the new radius of the outer rail (Fig. 83). 

The other given quantities are Ff, S, l, g, Li, f, and h. 

Let AG be the theoretical lead, A’G the practical lead, 
AKMF the outer rail of the original turnout, and A’K’"MF 
the new curve required for the practical lead. Designate 
A’'K" by I’. Draw K’K parallel to AG, and connect K and 
M. K’K" is to be found. 

The length of switch rail is the same in the two turnouts 
as is the distance gauge to gauge at heel of switch; conse- 
quently, the central angle of the two arcs will each be equal 
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to (F—S), and the line KM must pass through the point K” 
(§ 131). 
x 
A’A = K’K = the given increase in lead 


K"K'K =8;_ K’K"K = }(F-S) 
and 


K"KK! = 180° ~(K'K"K+K"K’K) = 180°—4(F +8) 





BYE 
Be 

A 

B ‘4’ 
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Solve the triangle K’’ KK’, and 


A’A sin 3(F-+8) 


KK 2 yer 
sin 3(F —S) 


(166) 


The perpendicular distance from K’’ to the line K’K pro- 
duced is (1’—J) sin S, and, if the numerator of equation 162 is 
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reduced by this value, we get the radius of the new turnout 


curve, ack aaron aes 
yew ited hie sin F—(l’—l) sin 
O12) Bain G-S) sind -+5) ae 





185. Given: the theoretical lead, the decrease in lead neces- 
sary for the practical lead, and the data of the turnout; to find 
the length of the tangent adjacent to the toe of the frog and 
the new radius of the outer rail (Fig. 84). 

The given quantities are the same as in § 184. 

Designate FP’ by f’. Now, PP’ = A’A. P’M is to be 
found. 

Solve the triangle MP’P in a similar way to that in the 
previous section. : 

tap fr id te An OS) 
P'M =f Aaa tg) (168) 

Also, if the numerator of equation 162 is reduced by (f’ —f) 
sin F, it becomes g—h—f’ sin F, giving the radius of the new 
turnout curve, 

(r-+39) = ee 

sin 3(/'-++S) sin 3(F —S) 


186. In case of a double turnout from the same switch 
three frogs are required, and. the switch is called a three- 
throw switch, because its points take three different positions. 
When split switches are used for such a combination, it is 
advisable to have the second set of switch rails placed slightly 
in advance of the first set. This form is termed a tandem 
switch. 

Given: the equal frog angles F and F’ of a tandem split switch, 
the distance d from one point of switch to the other, the radius r 
of the two curves, and the length | of both switch rails; to find the 
angle of the crotch frog F’’ and the crotch frog distance 
(Fig. 85). 

The rails of the main track frogs and the switch rails will 
be considered straight, while the crotch frog rails will be taken 
as curved. 

Let AKF and BK’F’ be the outer rails of the double turn- 
out, whose radii, CF” and C’F” = r+3g. 

Produce each curve backward until it becomes parallel to 
the main track rails at the points G and G’. Draw C’G’ to 


(167A) 
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meet CP drawn parallel to AF’. Designate the distances 
from G and G’ to the main track rails by 0, and from the 


figure, x 

o = h—(r+4g9) vers S (169) 
where h = distance gauge to gauge at heel of switch, and 
S = the switch angle. 





Solve the right triangle CPC’ for CC’P and CC’, where 
CP =GN =AD=d 


and 
PC’ = CG+C'G’—G/N 
= (r-+29) +(r-+39) —(g—20) = 2(r-+0) 
Then, in the isosceles triangle CFC’, 
400’ 3¢¢" 


CF” r+3g 


and the crotch frog F” = 2F’’CC’. 
The crotch frog distance DH = F”S+SM. 
Now, 


cos F"CC’ = (170) 


F’S = (r+39) sin F’C’S 
and 
SM = 1—(r+349) sinS 


DH = (r+39) sin F’C'S+1—(r+4q) sinS (171) 
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The angle F’’C’S is the sum of F’’C’C and CC'P, which angles 
were obtained by solving the triangles CC’F”’ and CPC’. 

Where a stub switch is used with the crotch freg symmet- 
rically placed with respect to F and F’, the number and angle 
of the crotch frog are given in Table XXII. 

187. Stub switch. With the stub switch, the line from 
the heel of the switch to the point of frog is considered a simple 
curve. 

Given: a straight track of gauge g, the frog angle F, the frog 
number n, and the throw t; to find the lead of the stub switch, 
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the radius r of the center line of the turnout curve, and the length 
of the switch rail 1 (Fig. 86). 
Let C be the center of the turnout, 


F = frog angle 
g = gauge of track 

DK = the throw of the switch 
7 = the radius Ca 


Two sets of formulas may be found, the one in terms of F 
and the other in terms of n. 
First, formulas containing F. From the figure, 


AB =g = FC vers FCB 


or 
g = (r+43g) vers F 
whence 





Bret bys g 
(r+29) = ae (172) 
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BF = L, = ABcot BFA = g cot 3F (178) 
Also, 
BF = L, = F8 sin FCB = (r+4g) sin P (174) 


From the isosceles triangle aCf, 
af = 2r sin $F (175) 
Similar to equation 172, we have 


DE DK 


vers ACK, = — = —__ 
CA (r+39) 


Also, 
= (r+4g) sin ACK 


But, since the inside rail has the ae throw as AD, while 
its radius is (r—3g), we may drop the 3g; hence, the length 
of the switch rails is 


AD =rsin ACK approx.) (176) 
Second, formulas containing n. From the triangle BFA, 
BF = L, = AB cot BFA = g cot 3F 
But, from equation 158, 
cot $F = 2n 
BF = L, = 2gn (177) 
From the triangle BFC, 


BF? = FC?—BC? 
or 
BF’ = L,? = (r-+39)?—(r—39)* = 4g°n? 
whence 
2gr = 4g°n? 
or 


r = 2gn? = Lyn (178) 
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Draw the line CM bisecting af. Then, the triangle aC 
and ABF are similar, and 


aM:aC::AB:AF 


or 
Zafir:ig: AP 
2gr 
o- aR 
but 


AF =V BA2+BF* =V g?+4g°n? = 9V1+4n? 


Consequently, 


2r 

af ——— (179) 

V14+4n? 

From equation 32, the throw 

2 

fi an ses 

2r 
P= AD =V 2rt (180) 


Table XXII has been calculated by the preceding formulas. 
This table applies only to stub switch turnouts. 

188. Offsets for constructing turnouts. The position 
of the main track and the location of the frog on it depend on 
requirements exterior to the turnouts and are determined 
according to principles developed in later paragraphs. When 
the main track and the frog are in position, the remainder of 
the turnout is built by measurements from them. For this 
purpose, a system of plusses and offsets should be computed. 
The plusses are measured along the main track rail, and the 
offsets are measured between the gauge line of the main track 
rail and the gauge line of the turnout rail, as shown in Fig. 87. 
The places where the offsets are taken vary with practice. 
One system is given here. 

Figure 87 applies to a split switch. The curve KM is pro- 
duced backward through the angle S where it becomes parallel 
to the main track rail AD. Divide KM into four parts, and 
through each point of division draw lines perpendicular to AD. 
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From equation 169, 
VW =o0= DK ~(r+29) vers S = h—(r+3g) vers S 

Angle KCM = (F—S) 

WCS =S+i(F-S) | WCT =S+1(F-S) 

WCU =S+2(F-S) WCM =S+(F-S) =F 
Then, AD = / approx., and 

VA = VD—AD = (r+3g) sinS—l = q 


Note that V will fall between A and D with long switch rails. 
Now, 

= (r+y) sin WCS—q 
and 

= (r+3g) vers WCS+0 


Similar expressions may be given for AJ” and TP TAY" 
and U’U, and so on. 

Table XXIIB gives the coordinates of the quarter points 
of the different lead curves. 

With a stub switch the offsets may be found by the methods 
of §§ 111 and 112. 

When a tangent is introduced beyond the heel of the switch, 
the value of o from equation 169 will be 


o = h+(’—J sin S—(r+4g) vers S (169A) 


Third, once the switch rails and the frog have been placed, 
the lead curve connecting the two may be located by taking 
offsets from the long chord of the curve. The length of the 
long chord of the outer rail of a split switch is deduced from 
Fig. 83 and is KM = 2(r-+3g) sin 3(F—S). ‘The values of the 
offsets may be found by the methods of §§ 115 to 120. As 
applied to the stub Sats the middle ordinate of the long 
chord AF oe 86) is $9, and the ordinates at the quarter 
points are 32s. 

The track beyond the heel of the frog will assume one of 
the following forms. It may be straight, or there may be a 
combination of curves and tangets; it may be part of a cross- 
over between parallel tracks; or it may be extended to a 
parallel side track. 


§ 189] PROCEDURE FOR ESTABLISHING A TURNOUT 


171 

In case of an existing frog, the method of procedure is 
illustrated by Fig. 88. A tangent at the frog point is located 
by sighting along the line F’G with the angle F laid off on the 
proper side of zero. The tangent being located, the work 


proceeds as in any straight-line or curve work, 


ee 
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With a new track, the intersection of the main track and 
side track is found, and the turnout frog and other points are 
found from computed coordinates. 
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189. Standard turnout data. It is evident from the 
foregoing paragraphs that, when n, f, and the length of track 
rails are known, a turnout can be completely designed, and 
all the data required to build it can be computed. It is the 
practice of railroad companies to choose as standard certain 
frog numbers and certain types of frogs having these numbers. 
The turnout data, including the plusses and offsets, for each 
of these standard frogs are computed once and for all and made 
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available to all persons concerned. Thus, when the center 
line of the main track is indicated on the ground (or the track 
is actually in place) agd a standard frog is specified, the 
entire turnout can be laid out by simple tape measurements 
from a mark which shows the position of the frog. 

It is customary to mark the frog position by setting a stake 
on the center line of the main or the side track opposite the 
position of the actual frog point or, if track is in place, to 
mark this position on the rail. 

190. The choice of frog depends on the service the turnout 
will perform. On main track, the speed and density of train 
operation controls the choice. Larger numbers are used for 
higher speeds, hard center frogs for heavy traffic, spring frogs 
on important track, and so on. In yards and sidings the frog 
must not require a lead curve that is so sharp that the middle 
flangeless drivers might drop off inside the curve of the rails. 
See Tables XXIIA and B. 

191. Methods of determining the position of the frog. 
The position of the frog depends on the track with which the 
turnout will connect. Frequently the position of the frog 
must be established as accurately as possible, sometimes it 
may be placed within closely defined limits, and often it may 
be located by eye. Accordingly, rigid formulas are used where 
necessary, and approximate methods which are easier to use 
are adopted where allowable. In complicated cramped loca- 
tions, graphical methods must be depended on. 

The frog must be placed so that the most advantageous con- 
necting track results. This track, as a rule, must have at least 
the minimum radius which can be negotiated by a road engine 
and usually the largest radius possible without interfering 
with the facilities served. Spirals are seldom necessary and 
should be used only when plenty of room is available. They 
always increase the length of the connecting track or reduce the 
radius. 

192. The elements of a turnout. Figure 89 illustrates 
the elements of a turnout which are used in the determination 
of a frog position. 

A is the point of intersection of the center lines of the two 
frog tracks. 

B and G are center-line points opposite the theoretical frog 
point. 
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B’ and @’ are center-line points opposite the actual frog 
point. 

D and E are the first points on the center line where curved 
track can start beyond the turnout. They are therefore the 
P.C. or P.T. of a curve. Where space is limited they are 
placed opposite the heel of the frog, as shown. Where space 
is not closely limited, a length up to 10 ft should be added to 
the tabulated value of k. This introduces a short tangent 
beyond the heel and reduces the maintenance necessary to 
avoid a kink forming at the heel. For purposes of computa- 
tion, it is merely assumed that the value of k is increased by 
the length of this added tangent. D and E will then indicate 
the ends of the new value of k and Fig. 89 remains unchanged. 

P.S. is the point of switch, that is, the center-line point 
opposite the switch points. 

M”’ is the center-line point on the main track opposite the 
toe of the frog. 

Note. When the main track is curved, the center line of the 
turnout from P.S. to M” is curved. The turnout rails can 
be located from the curved main rails using the same offsets 
which are computed for straight track (as given in § 188 and 
Fig. 87). The theoretical error, thus introduced, is neg- 
ligible. 

From Fig. 89, 

AB = AG = 4g cot 3F 
By equation 158, 
n =4cot3P 
By substitution, 
AB = AG = ng 
T’rom Fig. 89, 
Ss Li —ng 
and 
K = AD = AE = xng+k 
and 
S+K = Litk 


From Fig. 89, 


= = An bea pee 
CD = CE = K tan 2 cot SF 
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nt approx, 
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From. equation 158, 
2n = cot3F 


By substitution, 


cp =cE = 
2n 


In like manner, 
BB’ = CC’ = nt (very nearly) 


193. Procedure for laying out a turnout. After the 
center line of the main track is marked, the usual procedure 
for laying out a turnout consists of the following steps: 

1. Compute (or estimate) the position of A along the center 
line of the main track. This depends on the requirements 
exterior to the turnout. 

2. Set point A. 

3. Set up the transit at A and set B’ and D. 

4. Turn off the frog angle F and set G’ and E. 

(These four steps completely locate the frog and also locate the 
tangents to the tracks connecting with the turnout.) 

5. When the frog and the unbroken main track rail have 
been spiked in place, line the outside turnout lead rail by 
offsets (as in Fig. 87). 

6. Line the inside turnout rail by gauging from the outside 
rail. 
It is frequently possible to omit setting the point A and, 
instead, to set point B’ immediately. 

The detailed procedure for actually building the turnout is 
not within the scope of this text. 

194. Methods of locating the point A. The problem of 
locating point A from the requirements exterior to the turn- 
out appears in many forms. The following paragraphs cover 
the usual forms of this problem. 
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195. Turnout to a siding (Fig. 90). AV represents the 
main track. HJ represents the required position of a siding. 
H is the limit of curved track. (It is limited here by the posi- 
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tion of the end of the platform.) A is known either from design 
or from field measurement. 
Construct QHW perpegdicular to AV. 





By projection on HW, 
HY sin A = K sin F+r(cos F— cos A) (181) 
By projection on HO, 
AV sin A = K sin (A—F)+r vers(A—F) © (182) 
CaseI. Given: HV; to findr, AV. 


Solve equation 181: 


4 HV sin A—K sin F 
“ cos F— cos A 


r 





(183) 
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Solve equation 182: 
_ Ksin (A—F)-+r vers (A—F) 


AV - (184) 
sin A 
Case II. Given: AV; to findr, HV. 
Solve equation 182: 
AV sin A—K sin (A—F) 

on vers (A—F) 0) 

Solve equation 181: 
HV = K sin F+r(cos F— cos A) (186) 


sin A 
Case III. Given: 1; to find AV, HV. 
Use equations 184 and 186. 


Note: Case I occurs when the largest possible radius for the 
connecting curve is desired. A large radius facilitates opera- 
tion and reduces the possibility of derailment when the curve 
gets out of alignment. Case II occurs when the frog is in place 
or its position is otherwise established and the largest pos- 
sible radius for the connecting curve is desired. Case III 
occurs when the maximum length of straight siding is desired. 
r in ease III is the minimum allowable radius. 

196. Turnout to a siding, approximate method (Fig. 
91). P represents P.S. (Point of Switch). 

1. Set V. 

2. Measure HV and A. 

3. Assume that PV = HV. 

4. Compute DV = PV—L. 

5. Set D by measuring approximately DV, from V, placing 
D at a joint or otherwise convenient location. 

6. Set A, H, P.I.; measure E to P.I. and H to P.I. 

7. Choosing F to P.I. or H to P.I., whichever is smaller, 
and using this value for 7, compute 


r = T cot $(A—F) 
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8. Using the next larger convenient degree of curvature, 
compute the curve, set the P.T. and the P.C., and run the 
curve in the usual way. y 
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197. Cross-overs and connecting tracks. A cross-over 
is a track connecting turnouts which are on two parallel 
tracks. The parallel tracks may be either straight or curved. 
A connecting track is a track connecting turnouts on two 
nonparallel tracks which may be either straight or curved. 

A cross-over or a connecting track may have any alignment 
desired but certain desirable features can be obtained only 
when one of the four following combinations is used: 

1. Straight track (Fig. 92). This gives a simple connection. 
It can only be used on cross-overs between parallel straight 
tracks where the frog numbers are the same. It might occur 
by chance in other combinations of track alignment. 

2. A simple curve beginning at the heel of one frog and end- 
ing at the heel of the other frog (Figs. 93-95). This gives the 
maximum radius for the connection without unduly increasing 
the distance between turnouts. 

3. A simple curve and a tangent (Fig. 96). This simplifies 
computation. 
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4. A reversed curve (Figs. 97-99). This reduces the dis- 
tance between turnouts. If the reversed curve has equal radii, 
the maximum radius is obtained for the reduction obtained. 

198. Coordinates for cross-overs. Certain cross-overs 
are used so frequently that many railroads publish the plusses 
and offsets by which they can be located in the field. These 
coordinate values are computed after the solutions described 
in the following paragraphs have been completed. 





199. Cross-over by a straight track. Given the per- 
pendicular distance p between two parallel straight tracks, to 
find the distance AG along the center lines of the tracks be- 
tween the points A and A’ of the turnouts (Fig. 92). 

From the figure, 


Res i 
AG = peo F (187) 


200. Cross-over by a simple curve connecting different 
frogs on parallel straight tracks (Fig. 93). Given: the 
perpendicular distance p between the two parallel straight 
tracks; to find the radius r of the connecting curve and the 
distance AG along the center lines of the tracks between the 
points A and A’ of the turnouts. 

Construct JJ’ perpendicular to JA and J’A’, and project 
points on JJ’ as shown. 

From the figure, 

QH’ =r vers F 


Q'H’ = 7 vers F’ 
OF =e sinh” 


QJ = KsinF 
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p = rvers P—r vers F’-4K sin F+K’ sin F’ 


_ p—K sin A-K’ sin F’ 
7 vers F— vers F’ 


r 





(188) 


Similarly, by projecting on AJ . 


AG = r(sin F— sin F')+K cos F+K’ cog F’ (189) 





Fra. 938, 


201. Connecting track by a simple curve connecting 
nonparallel straight tracks (Fig. 94). VA and VA’ repre- 
sent the center lines of nonparallel tracks making an angle 
B with each other and connected by the cross-over AKE’A'. 

Angle B and the length of d (GA) must be determined by design 
or by field measurement. d is the perpendicular to GA’ from 
A. Any convenient parts of the right triangle VAG can be 
measured or computed to determine B and d. 

Given: B and d; to find r and GA’. 

Construct AJ parallel to GA’, and project points on GA, as 
shown. 

It is evident that this problem is similar to the problem in 
§ 200 with F—B substituted for F, d for p, and GA’ for AG. 


From the figure, 


A = F-g 


d = rvers A—r vers F’-+-K sin (F—6)-+K’ sin F'’ 
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folving for r gives 


‘ d—-K an PF —§)—K’ sin F’ ? 
vers A— vers F’ 
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Similarly, by projecting on GA’, 
GA! = r(gin A— sin F’)+K cos (F —$)+K' cos FP’ (191) 


When the curvature of the connecting track takes the oppo- 
site direction, 4 slightly different formula will avoid difficul- 


tics with signe (ig. 95). 





Fra. 95. 


From the figure, 
A = Ff’ 
d = r{vers A— vers ( —6)|+-K sin (F —8)+K’ sin F’ 
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Solving for r gives 
_ d—K sin (F—$)—K’ sin F’ 
= vels A— vers (F' —£) 


‘n 





(190A) 
Similarly, 


GA’ = r|sin A— sin (F—8)]-+-K cos (F —8)+K’ cos F’ (191A) 
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202. Connecting track by a simple curve between frogs 
in place (Fig. 96). 

P.I. is set by extending AEF and A’E’, and A is measured. 
Choosing E to P.I. or E’ to P.I., whichever is shorter, for the 
value of T, compute: 

r = Tcot3a (21) 


A convenient degree of curvature may then be chosen and 
the curve computed. 

203. Cross-over by a reversed curve connecting parallel 
straight tracks (Fig. 97). JG and J'‘A’ are the center lines 
of parallel tracks separated by the distance p and connected 
by the cross-over AHE’A’. 

Construct JJ’ perpendicular to J@ and J ‘A’, and project 
points on JJ’ as shown. 

By § 170, 

HH’ = (r-+r’) vers A 
Also, 
QH =rversF, Q’H’ =r’ vers F’ 


QJ =KsinF, QJ’ =K’'sinF’ 
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Then, 


p = (r+r’) vers A—r vers F—r’ vers F’+K sin F+K’ sin F’ 
(192) 
In like manner, by projection on JG, 


AG = (r-+tr’) sin A—r sin F—r’ sin F’+K cos F-++K’ cos F’ 
(193) 





CaseI. Given: r andr’; to find a and a’ and the distance AG. 
Solve equation 192: 


p+r vers F-+r’ vers F’—K sin F—K’ sin F’ 


VersA.= a ae ee (194) 
r+r 
a=A-F 
a’ = A—F’ 


Use equation 193 to find AG. 
Case Il. Given: r and a; to find r’ and a’ and the distance 


AG. 
Solve equation 192: 


A=at+F 


p—r(vers A— vers F)—K sin F—K’ sin F’ 
vers A— vers Ff’ 


7 = 





(195) 


Use equation 193 to find AG. 
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Case III. ‘Usually r = 1’ is given, and the two frogs used 
are the same; required a = a’ and AG. 
Substituting in equatiofy 194 yields 


mn NT « 
re ae =p-+r vers F—K sin F (196) 
r 





a=A-F 
Substituting in equation 193 gives 


34G = r(sin A— sin F)+K cos F (197) 
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Case IV. When the two frogs are in place, they should be 
connected by a reversed curve of the largest radius possible 
(Fig. 98). 

Measure HE’ and the angles at HE and E’, respectively. 
Apply § 173. 

204. Connecting track by a reversed curve between 
nonparallel straight tracks (Fig. 99). VA and VA’ repre- 
sent the center lines of nonparallel tracks making an angle 
B with each other and connected by the cross-over AEBE’A’. 

Angle B and the length of d (GA) must be determined by de- 
sign or by field measurement. d is the perpendicular to GA’ 
from A. Any convenient parts of the right triangle VAG 
can be measured or computed to determine 6 and d. 

Construct AJ parallel to GA’, and project points on GA, as 
shown. 

It is evident that this problem is similar to the problem in 
§ 203 with F—8 substituted for F, d for p, and GA’ for AG. 
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From the figure, 
d = (r-+r’) vers A—r vers (F —6)—1’ vers F’--K sin (F —8) 


+K’sin F’ (198) 
In like manner, by projecting on GA’, 


GA’ = (r+r’) sin A—r sin (F —8) —r’ sin F’-+-K cos (F —8) 
+K’'cos F’ (199) 





——— 
——— SS PSS Sa 


Case I. Given: r and rt’; to find a and a’ and the distance 
GA’. 
Solve equation 198: 
d--r vers (F —8) +r’ vers F’—K sin (F —8) —K’ sin F” 
rr’ 


vers A = 
(200) 
a = A—(F—8) 


a’ = A-F' 
Use equation 199 to find GA’. 
Case Il. Given: r and a; to find r’ and a’ and the distance 


GA’. 
=atF—s6 


186 TURNOUTS AND CROSSINGS [Ca. VIII 


Solve equation 198: 
, . d=r[vers A— vers (F—8)]—K sin (F—8) —K’ sin F’ 
eae 





ie vers A— vers F’ (201) 


Use equation 199 to find GA’. 

Case III. Usually r = 1’ is given, and the two frogs used 
are the same. Required a, a’, and GA’. Solve as in case I. 

Case IV. When the two frogs are in place, the problem is 
solved in the same manner as case IV in § 208. 
Siding 


VAL 
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205. Turnout from a straight track to a parallel side 
track (Fig. 100). AG represents the main track, JH the 
side track, p is the required center line clearance, R the radius 
of the connecting curve, and C (EN) the tangent between 
the heel of the frog at EH and the P.C. of the curve. 

From the figure by projection on JG: 


p = KsinF+C sin F+R vers F (202) 


Case I. Often a minimum radius is selected, and the value 
of C is computed. Given: R; to find C. 
Solve equation 202 for C; 


—Rk PF 
C= [TEL EIT (203) 


sin F 
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Case II. Often the largest possible radius is desired. C 1s 
then given the value zero, and the value of R is computed. Given: 
C = 0; to find R. 

Solve equation 202 for R: 

Rie KsinF (204) 
vers F 

Coordinates. Most railroad companies reduce these data 
to the form of plusses and offsets for various standard turn- 
outs and track center-line spacings so that the turnout can 
be laid out with a tape alone. The coordinates thus computed 
can be used on light curves as well. 

206. Yard tracks. Yard designs include many types of 
track arrangement, depending on the space available and the 
operations the yard is to serve. The track arrangement is 
controlled by the required clearances between track, the 
minimum radius that can be used, and the minimum separa- 
tion between turnouts. Three types of track arrangement 
are used as examples. They should prove sufficient to illus- 
trate the principles necessary to determine track positions for 
most yards. 

A yard consists of a series of parallel tracks called body 
tracks, a through track built beside the body tracks called a 
main yard track or a run-around track, and a track at one 
or both ends of the yard called a ladder track which connects 
the main yard track with all the body tracks (Figs. 102, 103, 
and 104). 

The controlling factors in yard design are the following: 

1. Center-line clearances between body tracks, denoted by 
p and center-line clearances between the main and the adja- 
cent body track denoted by pi. To conserve space, both clear- 
ances are made equal to the minimum values consistent with 
safety. pz is usually larger than p because of the higher speeds 
on the main track. 

2. The radii r of lead curves and the radii R of the con- 
necting curves. These radii must be as short as possible to 
conserve space but long enough to avoid derailment. Gener- 
ally one value is used for both, but lead curves can safely have 
slightly shorter radii than connecting curves. The radius of 
the lead curve chosen determines the turnout available and, 
hence, the frog angle used throughout the yard. 
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3. The minimum separation between turnouts (Fig. 101). 
A switch point cannot be placed exactly at the heel of a frog. 
There must be at least enough room beyond the heel for the 
joint bars and enough length of the next rail to give purchase 
for bending it. Sometimes the switch stands or the ties con- 
trol. A minimum allowable value must be established. 

In the following examples, the separations between adjacent 
turnouts and between curves and turnouts are designated by C 
with a subscript. Values of C between turnouts must never 
be less than the minimum as previously described. Values of 
C between turnouts and curves may be zero. 











- Coa 
<7 Body track 


Body track P 


mee eee ee 


Body track P 


Main yard track P, 
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207. Computation of track positions in yards. Once 
the general arrangement of the track and the desired values of 
?, pi, T, and R have been established, a standard turnout is 
selected to be used generally throughout the yard. This 
choice determines F, K, S, and C min. The values of C are 
then computed for the yard as indicated in the examples. 
The order of computation used is designed to obtain the neces- 
sary values of p by adjusting the values of C on the ladder, 
and keeping the other C’s as small as possible. This procedure 
gives the maximum length of body tracks. 

Example 1. Yard in which all body tracks are directly 
connected to the ladder without connecting curves (Fig. 102). 

From the figure, 


Gye —2 (E48) 
sin F 


Co = RPO K-38) 
sin F 
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Example 2. Yard in which the body tracks are connected 
to the ladder in pairs without connecting curves (Fig. 103). 
From the figure, 


Cy = min. 


C= TP Kis) —Cy 
sin F 


2p 
sin 2F (KS) 

Po 
sin F 








—(K+8) 


P1 
sin F 





C5 = —(K+T) 
or 


Cs =0 and -R = T cot = 


gee 
C5 “GF (K+T) 
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or 


Cs =0 and R = Toot, 


Example 3. Yard in which all body tracks are connected 
to the ladder by connecting curves (Fig. 104). 


Cy = min. 
‘ p 
iy eae Oe 
a SRO ae 
a= A-F 
Cz = 0 


pi = (K+T) sin F+(T+C3+8) sin A+(K+T) sin a 


Solving gives 
_ pi—(K+T)(sin F+ sin a) 


= —(T+H8) 
: sin A 
y Body track 
a= 
/ ‘ 





g 
AS Ch. 
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208. Coordinates. With the values of the C’s known, 
methods of staking out the yard are clear. Frequently, in 
complicated yards, the pwsitions of points are reduced to co- 
ordinates which are used as an aid in staking out the yard. 





Fig. 105. 


TURNOUTS FROM CURVED TRACKS 


209. The location of frogs on curved tracks. When a 
turnout is placed in a curve which is already in place, it is 
common practice to place the frog so that it forms a chord 
of the curve. This is illustrated in Fig. 105. The center 
line of the original curve is represented by QM”SDW. The 
frog is placed so that the center line of one frog track M”ID 
replaces the arc MSD. 

When the track arrangement is being designed, frogs are 
usually inserted in curves as previously described. How- 
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ever, a slightly better alignment can be obtained by breaking 
the curve into two parts connected by the main frog track 
to which both parts of the curve are tangent. This is illus- 
trated in Fig. 106. 

In both cases the side of the turnout which forms the main 
track between the toe of the frog and the heel of the switch 





Fre. 106. 


rails is centered on the main-curve center line. .The.remain- 
der of the turnout is aligned by offsets from the curved main 
track. The values used for the offsets are the same as those 
computed for straight main track. See Fig. 107. This proc- 
ess changes the degree of the curve of the lead curve by the 
degree of the main curve as given below. 

The approximate formula for the degree of curve of the 
lead curve is the following: 


ad’ =d+D  (approx.) 
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where d’ = degree of lead curve (minus indicates curvature 

opposite in direction to its curvature on straight 
main track) 

d = degree of lead curve computed for straight main 
track 

D = degree of curve of main track, plus values being 
used when the main track curves in the same di- 
rection as the lead curve on straight main track 
and minus values for the opposite direction 


The turnout arrangement shown in the middle diagram of 
Fig. 107 is known as a turnout with a crotched frog. Since 






“Main track 







—___ - ———_—- 


= 
eS 
a 
—— 
—_-— 


Main curve 5° 
Lead curve 2°32’ (very nearly) 





Main curve 5° 
Lead curve 12°32’ (very nearly) 
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the radius of the lead curve is reduced, it is often possible to 
use a frog of a smaller number than if the main track side of 
the turnout were straight. 

If the side track is a curve, it is made tangent to the frog 
track at the heel of the frog (Z), as shown in Figs. 105 and 
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106. As mentioned in § 192, if space is available, the actual 
value of k should be increased up to 10 ft when the formulas 
are used. This results in a short tangent beyond the heel 
which improves alignment and reduces maintenance. 

As in straight track, the problem is to find where the frog 
should be placed along the main track. The position of the 
frog is given by a computed central angle a measured from 
some known point W on the main curve to S in Fig. 105 or 
to D in Fig. 106. When S or D has been located, point A 
can be marked. 

In the following paragraphs, the first method of locating a 
frog is used, as it is applicable whether or not the main curve 
is in place. It is a simple matter to convert the formulas 
thus derived to formulas for the second method. 

210. To convert formulas for method I to formulas 
for method Hi. It may be seen from the discussion in the 
following paragraphs that, when the following substitutions 
are made in the formulas for method I, the formulas for meth- 
od II result. 

For p substitute K/2n 


For pi substitute —K/2n 


a computed with these substitutions extends to point D 
instead of to point S. 

211. Data for method I. Certain data here called p; and p 
are used repeatedly. They are here derived (Fig. 105). Let O 
be the center of the main track curve QM"IDW and O, be 
the center of the side track curve. 

Construct O,H perpendicular to AH and OC perpendicular 
to M’’D intersecting 01H at Cand AE at M. 


From the figure, 
ID = M"T = i(f+h see § 183 
: ID _ft+k 
eerheren Sarpy 
SI = R vers ¢ 
Hence SI. 


AI = ng—ft3f+h = ngt+gk—-df 
MI = AI tan F 
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Hence MI. ° 
ay Al 
"Cos RK i 
ME = K—AM 
CHE = ME cot F 
Hence CH. 
_ ME 
~ sin F 
Hence CM. 
Let 
pi = CE 
and 


p = CS = CM+MI-SI 


Note. pcan be computed once and for dil for any frog and, 
hence, constitute part of the turnout data. 2 also can be 
computed once and for all if SI is assumed to be negligible. 
SI can never be greater than about 0.10, and, since it is always 
used with R, a large value, the assumption is always justifiable. 
When the turnout is toward the inside of the curve, the for- 
mula for p is the following: 


p = CM+MI+S8SI 


212. Turnout from curved main track to a siding 
(Figs. 108, 109, 110, and 111). Figures 108 and 109 represent 
a turnout to a siding outside the main track curve, and Figs. 
110 and 111 represent a turnout to a siding inside the curve. 
In all figures QSV represents the curved main track of known 
radius R. HU represents the required position of the siding. 
H is the limit of curved track of the siding. V is the inter- 
section of HU produced and the center line of the main track. 
A is the angle between HV and the tangent at V. r is the 
radius and A’ the central angle of the siding curve. 

A is always known from design or field measurement. 

Make the construction shown in each figure. 

Note. The cases occur under the same circumstances as 
for straight main track. See § 195 Note. 
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Case I. Given: HV; to find r, A’, a. 
Outside, Figs. 108, 109: 
In both figures, 


B = (R+p) cos F 
N = (R+p) sin F 


PR. =c0s8, A 
G = RsinA 
Mi = iva 


OO: = (B=p1+r)?-+N? 
O00: = (r +P)?+(G+M)? 
Eliminating 00,7 and solving for r gives 
nes P?+-(G@+4+M)?—(B=p))?—N* 
2(B—p1—P) 


r+P 
G+MmM 
N 

B-pi+r 
6 = F-y 

6 = 90—B+6 
a= A-#6 
A’ = A-—a—F 


(205) 
From the figures, 
tan B = 


tan y = 





Fia. 108. 
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Case II. Given: a; to find A’, r, AV. 
Outside, Figs. 108, 109: 
In both figures, 
A’ = A—a—F 
6 = A-a 
r+R cos A = (r—p) cos A’-+(R+p) cos 6 
Solving for 7 gives 
a R(cos 6— cos A)-+p cos 6— 1 cos A’ 
ae vers A’ 


HV = (r—p)) sin A’+(R+p) sin @—R sin A 


(206) 


(207) 
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Case III. Given: 1; to find a, HV, A’. 
Outside, Figs. 108, 109: 


Solving triangle COO, by the tangent formula (Table 
XLII 26a) gives 


sahk G2 3 R+p—(r—p1) 


R+p+(r—p1) 





tan 3(y+6) 


but 
y—6 = F—8—5 = F—25 


y+ti=F 
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Substituting yields 
Pe eprorsrpr ey 
tan 4(F —28) = —————_+tan iF 208) 
a( R+p+r— ” 
Hence 6. 
00, = —" sia B 
sin 6 
Hence O0,. 
in r+R cos A 
sin 8 = ——__ 
00; 
a = A—6—(90—8) 
HV = O00; cos B—R sin A 


A’ = A-—a—F 





Fie. 110. 
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Case I. -Given: HV; to find r, A’,a 
Inside, Figs. 110, 111: 
In both figures, 
B = (R—p) cos F 
N = (R—p) sin F 


P=RcosA 
G=RsnA 
M = HV 


O00? = (B+p1—r)?+N? 
007 = (r—P)?+(G—MY? 
Eliminating 00,” and solving for r gives 
PA (GH iy (Bey Ne 
* 2(P —B—p1) 





(205A) 


From the figures, 
r—P 


G—-M 





tan B = 


tan (180—~+) ry Se 
8 = (180-7) -F 
atA+6 = 90+ 
a = 90+6-—A—6 
A’ = Ata—F 
Case II. Given: a; to find A’, r, HV. 
Inside, Figs. 110, 111: 
In both figures, 
A’ = At+ea—F 
6 = Ata 
r—R cos A = (r— pi) cos A’—(R—p) cos 8 
Solving for r gives 


R(cos A— cos @)+p cos 6—p; cos A’ 
io 





vers A’ cy gee 


HV = Rsin A—(R—p) sin 6+(r—p)) sin A’ (207A) 
Case III. Given: 1; to find a, HV, A’. 

Inside, Figs. 110, 111: 
Solving triangle COO, by the tangent formula gives 
R—p—(r—p) 
R—p+(r—py 





tan 3(y—8) = tan 3(y+6) 
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but 
—6 180—(F+265 
= wn — = 90—-3(F +28) 


y+6 = 180—F 


Substituting yields 








Pp SI Pt et 
cot 3(F +28) = cot 3F 208A) 
2(F +28) jar gia aga ¢ 
Hence 6. 
O01 = at sin F 
in 6 





Fre. 111. 
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Hence O0,. 
Pog, eee gos A 
sin 6 = ak GOO. 
a = B+90—A—6 
HV = Rsin A—OOQ, cos B 
A’ = Ata—F 


Field procedure when the main track is in place. From the 
value of a compute the center-line distance VS and mark the 
center-line point S. By measuring half the sum of k-++f both 
directions from S, mark the points Dand M’’. The difference 
between the are and the chord is-negligible. Set A on the 
line DM” at the distance K from D. At A turn off the angle 
F. Measure K from A, and set H. With these points the 
frog position can be marked, and the tangent of the turnout 
is established. 

The tangent AF should be run to intersect HV at a P.L., 
and A’ and the two tangents, # to P.I., and H to P.I., should 
be measured. They should be theoretically both equal to the 
value rtan 3A’. Choosing the smallest for 7, compute 
r = T cot $A’. Select a convenient degree of a curve of equal 
or slightly smaller radius, establish the P.T. and the P.C., 
and run the curve in the usual way. 

213. Turnout from a curved main track to a parallel 
siding. Three cases exist as illustrated by three figures 
(Figs. 112, 118, 114). In all three figures O is the center of the 
main track curve and the siding, R is. the radius of the main 
track curve, p is the required center-line distance between 
tracks, O1 is the center of the connecting curve of radius r 
extending from point # at the heel of the frog to Ga point of 
tangency with the siding, having the central angle A’. @ is 
the angle GOS. 

Given: R, p; to find r, a, A’. 

Case I. Siding outside the main track curve (Fig. 112). 

Produce OO; to U. It must pass through G by hypothesis. 

With O; as a center and the radius r-+p; describe an are 
intersecting OS produced at C and OG produced at. U. 

Solving triangle UCO by the tangent formula, we have 


UO+CO 


t at O = ne 2% Sera Eee 
an 3(UCO+CUO) = tan 3(UCO CU0) 55 —co 
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But 
UCO+CUO = 180-—a 


3(UCO+CUO) = 90—4a 
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And, since triangle O;CU is isosceles, having equal base 
angles a and a’, 
UCO—CU0O =F 
Substituting gives 
pk +p+pe+e1 


209, 
pitp—p ae 


cot Fa = tan > 


And 
A’ = F+a 
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Solving triangle COO, by the sine formula, gives 





Ji yes 
r+ = eH sin a 


Case II. Siding inside main track curve with a connecting 
curve having the reverse direction (Fig. 118). 


Main track 
7 






, Siding 
7 
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In a manner similar to case I: 
Solving triangle UCO by the tangent formula, gives 


CO+U0 


3(CU0+UCO) = tan }(CUO~UCO)———~ 
tan }(CU0+UCO) = tan 3(CUO- UCO)—- 


But 
3(CUO+UCO) = 90—fa 


CUO—UCO = 180—a—(180—F —a) 
1(CUO—UCO) = 4F 
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Substituting gives 
OR ig spy 
Conte = tae r ee (209A) 
p—pete1 
and 
A’ = F-—a 


Solving triangle COO, by the sine formula gives 

ier 
= sin @ 
sin A’ 





rt+p1 = 


Case III. Siding inside main track curve with a connecting 
curve having the same direction (Fig. 114). 
Main track 





-_—eoooOr 
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In a manner similar to case I: 
Solving triangle UCO by the tangent formula, gives 
CO+U0O 


tan 3(CUO+UCO) = tan 3(CUO— UCO)-o—U0 
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But 
3(CUO+UCO) = 90—4a 


CUO“-UCO = a—(a—F) 
1(CUO—UCO). = 4F 


Substituting gives 
oP pp 
cot te = tan dg PP (209B) 
P—-p+p1 
A’ =a—F 


Solving the triangle COO; by the sine formula, we have 
R—-p 


r—py-= — 
’ sin A’ 





Field procedure when the main track is in place. Choose 
the point W on the main track where it is desired to depart 
from the standard center-line separation p. Using a, proceed 
as in § 212 to set points S, D, M”, A, and E. Set G from W, 
and run the curve from E to G. 

Alternate method. When the curvature is not sharp, it is 
common practice to avoid all computation by using the plusses 
and offsets developed for a turnout from a straight track to a 
parallel side track (§ 205): All plusses are measured along the 
curved main track, and the offsets are measured radially from 
it. The degrees of curvature can be estimated by applying 
the degree of curvature of the main track to the degree of 
curvature that occurs with straight track. 

214. Cross-over by a simple curve connecting parallel 
curved tracks (Fig. 115). In the figure O is the center of the 
parallel tracks, R the radius of the inside track, p the distance 
between track center lines, O; the center of the connecting 
curve of radius r having the central angle A’, and a is the angle 
SOS’. 

Given: R, p; to find r, a, A’; 

With Oj, as a center and the radius r-+p1, describe an arc 
intersecting OS produced at C and O,E’ produced at U. 

Solving the triangle UC’O by the tangent formula gives 


C’O—C'U 


oe. S 1 
tan HO) tan 30-+0) 0 oa 


§ 214} TURNOUTS FROM CURVED TRACKS 207 


But 
6+¢ =F’, C/O =R+p-—p'’, C’'U = iter’ 


Hence 6 and ¢. 
By the sine formula, 
pee ig eet A 


- sin F’ 
sin 6 


OU 
Hence OU. 
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Solving the triangle UCO by the tangent formula gives 


OU+0C 


at = i mas ee 
tan (OCU +OUC} = tan 3(OCU OUC) 500 


But 
3(OCU+O0UC) = 90—3(a—¢) 


OCU—OUC = F-+a—(a-—8) 
4(0CU—OUC) = i(F-+8) 
OU = value previously computed above, OC = R+ p 
Substituting, gives 


OU+R+p 
Lopes = Jt ee PL, 
cot 2(#—¢) = tan 2+) be) 
Hence a, and 
A’ =at+F—F’ 
= 3(180—A’) 


Hence a. 
Solving the triangle UCO by the sine formula, we have 


OU ; 
C= Saray 
Hence UC. 
Then, 5 
Tap cr 
sin 7A’ 
Hence r. 


215. Cross-over by a reversed curve connecting parallel 
curved tracks (Fig. 116). In the figure, O is the center of 
parallel tracks, R the radius of the inside track, p the distance 
between track center lines, Oy and Oz are the centers of the 
reversed curve of radii r and r’, respectively, and have the 
central angles A and A’, respectively. a is the angle SOS’. 

Given: R, p, r, 1’; to find a and A, A’. 

Step 1. Solving the triangle O2C’O by the tangent formula 
are C’O—C'02 

tan 3(C’020—C’002) = tan 3(C'020-+C'002) 55 Gio, 
But 

tan 3(C’020+C’002) = tan 3(180—F’) = cot $F’ 


C’'O = R+p=p!, C'Oe = r’—p1’ 
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Hence C’020 and C’00p. 

Solving the triangle 02C’O by the sine formula gives 
lt Sa ia eed oh 


OO, oe sin C’00 sin F’ 


Hence OO». 
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Step 2. Solving the triangle 0,CO by the tangent formula 
gives 
tan 4(COO,;—CO0,0) = tan 3(CO0;+C0,0) 


But 
tan 4(COO,+C0,0) = tan 3F 


CO, =r—p, CO = R+p 


Hence COO, and CO,0. 
Solving the triangle 01CO by the sine formula gives 


CO,—CO 
C0i+CO 


r—p1 


ain COOL 


O00; = 
Hence OO,. 
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Step 3. Solve triangle 00,02 of which the three sides are 
known, namely: 
OO, and OO, were computed i in steps 1 ae oe 


O02 = 7 +r’ 


Use formulas 30-33, Table XLII. 
Then, 
a = 02:00;—O020C’ —CO0,; 


A = 020,;0 —CO,0 
A’ = A+F+a—F’ 


216. Field procedure for laying out a cross-over be- 
tween two parallel curved tracks when the tracks are in 
place. Choose a position for the frog on one of the tracks. 
Set S in accordance with the turnout data. Set G by measur- 
ing along the track center line a distance equivalent to the 
central angle a. S’ can then be set. With S and S’ established, 
the complete turnout can be located. Run the curve (simple 
or reversed, as required) from H to H’ in the usual way. 

Alternate method. When the curvature is not sharp, it is 
common practice to avoid all computation by using the plusses 
and offsets developed for cross-overs between parallel straight 
track (§ 198). All plusses are measured along one of the 
curved main tracks, and the offsets are measured radially 
from it. The degrees of curvature can be estimated by apply- 
ing the degree of curvature of the main track to the degree 
of curvature that occurs with straight track. 

Note. Cross-overs on curves should be avoided if possible. 
They are difficult to build and maintain, they jolt trains that 
run over them, and it is necessary to superelevate both tracks 
to the same plane to install them. The latter may require 
raising the outside track as much as 18 in. to avoid producing 
a sag in the profile of the inside track. 

217. Connecting track that reverses direction (Fig. 
117). AV and A’V represent the center lines of two straight 
tracks intersecting at V. They are connected by two different 
turnouts and a simple curve of radius r. 

From A’ drop a perpendicular A’/J to the line AV. Let ¢ 
represent the distance AV, ¢’ the distance A’V, and A the 
angle of intersection between.A V and VA’. 
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From the figure, by projection on the line A’J 
sin A = K' cos [F’—(A—90)]+7|vers (A—F’)— vers F] 
+KsinF (210) 


and, by projection on a line perpendicular to A’V, 


tsin A = K cos [F —(A—90)]+7[vers (A—F) — vers F’ 


+K’ sin F’ (210A) 


Case I. Given: 1; to find t, t’ 

Use equations 210 and 210A. 
Case II. Given: t’; to find r and t. 
Solve equation 210 for r. 


#’ sin A—K’ cos [F’—(A—90)]—K sin F 





vers (A—F’) — vers f 


Use equation 210A. 
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218. Wyes. A wye is a track arrangement somewhat in 
the form of a “Y,” requiring three turnouts, whieh is used to 
turn an engine around’ See Fig. 118. Two turnouts are 
located on the main track, and a third turnout connects with 
both. Usually the location of the third turnout is controlled 





Re. WS, 


by the topography. When its location has been established, 
the problem of connecting the two branches to the main 
track resolves itself into connecting two sidings to the main 
track as covered in §§ 195 and 212. When the topography does 
not control, the wye can be made symmetrical and thus utilise 
& minimum of track, 

219. Symmetrical wye on straight main track (Fig. 
118). In the figure, A’V represents the line of symmetry. The 
crotched frog should be of a smaller number than the two 
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frogs on the main track. A’ is the central angle of the con- 
necting curve of radius r, and the angle at Vis 90°. 
Given r: to find A’V and AV. 
From the figure, 
= 90—F—4F’ 


By projection on A’V, 

A’'V = K’ cos 4F’+r[vers (A’+-F)— vers F]+K sin F (211) 
By projection on AV, 
AV = Ksin 3F’+r7[sin (A’+F)— sin F]+K cosF (211A) 


220. Symmetrical wye on curved main track (Fig. 119). 
In the figure, A’O represents the line of symmetry. A’ is the 
central angle of connecting curve of the radius r. R is the 
radius of the main track, 
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Given: 1; to find A’V, a, A 
With O; as a center and r—p; as a radius, describe an arc 
intersecting O1E at C and O,H’ at U. 
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Solving triangle 0;CO by the tangent formula gives 


K+p—(r—p1) 
B+ p+(r—p1) 


y—6 = F—§—5 = F—25 
y+i =F 
Substituting, gives 
tan 4(F —26) = 


tan 3(y—98) = = tan $(y+8) 


but 


R +p —r+p1 1 
—_——— tan $F 212) 
R+ptr-a Si 
Hence 6. 

Solving triangle 0,CO. by the sine formula gives 
Vana 


00;,= — sin F 
sin 6 





Hence O0,. 
Solving triangle 0:C’O by the sine formula yields 
1 


in (90—3F" K 
sin C’O0, — (rs) 
1 


but 
sa = C’00,—5 
A’+y = 90-1F’—C’'00, 
A 90-4F’—y—C’00, 
Also, 
K’ 
hess 
YP eee STING 
= OOO, ein) 
, 7 K’ 
A Vo OT Nog Li R 
CROSSINGS 


221. When two tracks cross, four frogs are necessary. 
Both tracks may be straight, one may be straight and the 
other curved, or both may be curved. With both tracks 
straight, two frog angles are supplements of the other two. 
In this case, right triangles are solved, and no special formu- 
las need be derived. 
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In any case, it is only by chance that standard frogs can be 
used. When either or both tracks are curved, the frogs are 
often built with curved rails. It is common practice to assume 
that the rails are curved when 
computing crossings on curved 
track. 

Given: a straight track of 
gauge £ crossing a curved track 
with radius R and gauge g’ and 
the angle between the center 
lines; to find the frog angles 
and the distances between 
the frog points (Fig. 120). 

From O, the center of the main track, draw the lines OF, 
OF’, OF”, and OF’”; also OH perpendicular to VH. 

Let g and g’ be the gauges of the straight and curved tracks; 
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OV =R and: angle HVO = 90°—A 





Then, 
OH = OV sin (90°—A) = ReosA 
cos F = one (218) 
cos Ff’ = on (213A) 
cos F”" = ne (213B) 
cos F’” = he (213C) 


F'F" = F'K—F"K 
= (R+49’) sin F'—(R—3g’) sin F” (214) 
_.A similar equation may be found for FF’. 
FF’ = (R+39’) are (F—F’) (215) 


in which “are” is regarded as a function of the angle, to radius 
unity, and to be found in Table XXA. 
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So also, ; 
FUF" = (R—3g’) are (F’"—F”) (216) 


It is to be noted that those lengths. are between the theo- 
retical frog points. In constructing the crossing, allowance 
should be made for the flange- 
ways. 

222. Given: the radii R and R’ 
of two curved tracks of gauges g 
and g’ which cross at V at an 
angle A; to find the frog angles 
and the lengths of the curved 
rails (Fig. 121). 

Let OV = R, O'V = R’, and 
OVO’ = A. 

Solve the triangle OVO’ for 
OO’ having given two sides 
and an included angle. The 

Fie. 121. triangle OF,O’ may be solved 
for Fj, and the angles F100’ and 
F,0’0, having given OF, = R—Zg, O'F, = R'+4y’, and OO’. 
Similarly with the triangles OF20’, OF30’ and OF,0’. 
Then, the angle, 





F,OF2 = F,00'—F,00' 
and 
FiF2 = (R—34g) arc F\OF2 (217) 


The other three lengths may be calculated in a similar way. 

223. At the crossing of two tracks, traffic may be switched 
from one track to the other by a combination crossing called 
a slip switch. The switches and lead rails are entirely included 
between the main frogs. A great saving of room is gained 
over other forms of connections, but, on account of the small 
distance between the extreme frog points, the angle between 
the tracks must be slight. 

Given: the angle at which two straight tracks cross and the 
data for the switches and frogs; to find the distances along the 
curved rail between frog points for a slip switch crossing and 
the radius of the curve connecting the heels of thé switches (Figs. 
122 and 128). 
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Let AK = BJ = the length of the switch rail/, and DK and 
LJ = the distance gauge to gauge at heel of switch h. 
The distances F,A and F3B are governed by the clearance 


necessary from frog point to switch point as mentioned in 
§ 206. 
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The distances between successive theoretical frog points 
are all the same and are expressed by 


Fis = Fels = FoFs = FoF = = (218) 
sin F 


At the point F: and F's the theoretical and actual points 
coincide. 

The direct distance between theoretical frog points F; and 
F 3 is 


g 
= ——. 219 
FF 3 sin 3F (219) 
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Similar to the solution given in § 183, two expressions for 
JT may be found which are 


JT = g—h—R,A sin F—1 sin (F—S) 
and 
JT = (R+3g) cos S—(R+4g) cos (F—S) 


Equating these two values and solving for R, we obtain 


jg = SrRT Pid sin F—tsin P-8) 4 
aad cos S—cos (fF —8) eck 


The length of the outer curve is 
KJ = (R+4g9) are (F ~28) 


CHAPTER IX 


THE SPIRAL CURVES 


THE SEARLES SPIRAL 


224. Inthe early years of railroad building it was con- 
sidered quite sufficient that the curves should. be circles and 
the straight lines truly tangent to the curves. But, as train 
speeds were increased, it became necessary to introduce a 
curve of variable radius between the tangent and circle for 
two reasons: first, to avoid the lateral shock produced at 
the tangent point’ either on entering or leaving the circle, 
and second, to permit an elevation of the outer rail which 
should be everywhere proportional. to, the degree of curve. 
See Chapter XVI for derivation of formula for elevation of 
the outer rail. re 

A car running at high speed on a straight track is suddenly 
forced aside and takes up a circular motion on striking a 
curve, and on the curve the car body continues to revolve 
horizontally, like a huge bar suspended at its center of gravity, 
until its revolution is suddenly arrested by another piece of 
straight track. In either case a shock is produced. deleterious 
both to track and rolling stock. By introducing a short curve 
of variable radius, that is, a spiral, the transition is made easy 
and almost insensible. 

Without proper spirals, track alignment deteriorates rapidly. 
The increased impact of traffic not only moves the track out of 
alignment but also creates a condition that further increases 
impact. Accordingly, spirals reduce track maintenance costs 
and today are used even on lines devoted exclusively to freight. 

The spiral curve here described fully meets the foregoing 
requirements. It not only blends with the tangent at one 
end and with the circle at the other, but it also affords suffi- 
cient distance between the two for the gradual elevation of 
the outer rail In shape it conforms very nearly to the cubic 

219 
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parabola with the advantage of requiring less track near the 
tangent point. The first radius is amply long without being 
infinite. The spiral curve is constructed on a series of equal 
chords, and the angle subtended by the first chord is made 
the common difference for the angles subtended by the suc- 
ceeding chords. It is a multicompound curve in which the 
degree of curve progresses in arithmetical ratio from chord 
to chord. 

225. Let the chord length be 100 ft and the central angles 
be 10’, 20’, 30’, etc., subtended by these chords. There are 
what might be called three elements of the spiral: 

(a) The angles subtended by each chord; these are 10’, 20’, 
30’, 40’, 50’, ete. 

(6) The total spiral angle up to any specified point; these 
are 10’, 30’, 1° 0’, 1° 40’, 2° 30’ for points 1 to 5, inclusive. 

(c) The inclination of any chord to a line parallel to the 
main tangent. This is equal to half the angle the particular 
chord subtends added to the total preceding central angle. 
The correctness of this statement may be seen by drawing a 
common tangent to the curve at the point in question. These 
inclinations are 5’, 20’, 45’, 1° 20’ and 2° 05’ for points 1 to 5, 
inelusive. In other words the angles of inclination vary as 
the square of the chord point number from the beginning of 
the spiral. 

Thus, we obtain the first four columns of Table XXXIV. 

If the tangent is taken as a meridian, the inclination of a 
chord becomes its bearing, from which its latitude, or 100 cos 
incl., and departure, or 100 sin incl., may be quickly computed. 
If the tangent point S is taken as an origin, and x and y are 
called the coordinates of the several chord points, the continuous 
summation of latitudes gives values of y and of departures 
gives values of x. These are all given in Table XXXIV. 

226. Spiral deflections (Fig. 124). With the transit at 
S the deflection 7 from the tangent to any other chord point is 
found by the formula: 


aici 
tan? = — (221) 
y 
With the transit at any chord point n, to find the deflection 


from the local tangent through n to any other chord point: observe, 
first, that for the adjacent point, whether forward or backward, 
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the deflection is one-half the angle subtended by the adjacent 
chord; thus, Fig. 125, with transit at point 3 the deflection 
to 4 is 20’, and to point 2 it is 15’. For more distant forward 
points, draw long chords to them from 7, find the angle a that 
such long chord makes with the main tangent, and deduct the 





Fia. 124, Fia. 125. 


angle between the main and local tangents; the difference is the 
value of 7 required. The angle a is found from 

2—z’ 

yy’ 
in which z, y are the coordinates of the point observed and 
zx’, y’ of the position of transit. And 

i =a-s (223) 
Thus, with transit at 3 we have, for point 5, 
7.998 —2.036 5.962 


2 = = 0.029825 
tan 4 = 799.896 299.989 199.907 





tana = (222) 





and 
a = 1°42’ 30” 
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Since, for 3, 
8. = 1° 


&= 0° 42’ 30” 


The angle subtended by a long chord is equal to the differ- 
ence of the values of s for the extremities of the chord pele 
is also equal to the sum of the deflections made at either 
end of the long chord to find the other. Hence, knowing 
the central angle and forward deflection along any long 
chord, we find by subtraction the backward deflection along 
the same chord. Thus, with transit at 3 to find 1, since 
s’—s = 50’ and the forward deflection from 1 ig 22’ 30’ ’, the 
difference, or 27’ 30” = 7 = the deflection required. 

In this manner the entire Deflection Table XXXYV has been 
calculated, and, since the spiral is invariable in form, all its 
angles are constant, and the deflections given are available 
in every case that can occur in practice. 

a7. To adapt the spiral to practical tequirements it is 
only necessary to draw the figure to a different scale. All its 
dimensions remain proportional to each other, including the 
radii of the arcs composing the spiral. The chord length 
assumed at 100 ft is now to be given smaller values ranging 
from-10 to 50 ft, and all other parts are calculated accord- 
ingly, varying directly as the chord length, while the degree 
of curve varies inversely, or nearly so. 

Table XXXVI furnishes exact values of the degree of curve 
D3, length of spiral nc, and values of the coordinates at each 
point for a variety of chord lengths. Among these spirals 
may always be found one or more that will be well adpated 
to the case in hand. 

In selecting a spiral, first consult the diagram shown in 
Table XXXIII having the velocity and degree of curve 
given. From this take the minimum allowable length of 
spiral. Second, from Table XXXVI select a spiral such that 
the length is equal to or more than the minimum allowable, 
and the degree of which on the (n-++1) chord will equal, as 
nearly as may be, the required degree of curve. The number 
of chords to be taken will be n and not (n-+1). 

228. To find the spiral long chord SL and the spiral tan- 
gents SE, LE, (Fig. 126). 
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Let Z be the terminal point of the spiral, x, y the coordi- 
nates of L, 7 the deflection ESL, and s the central angle YEL. 
Then, from the figure, 





a (224) 


Fig. 126, Fia. 127. 


To find the spiral tangents, in the triangle LEY, 
LE =—— and SH = y—x cots (225) 
sin s 


To find any other spiral long chord, as KL, and the spiral 
tangents, KE’, LEH’: let s’ be the central angle for K, and ¢’ 
the deflection at K for KL. Then, from the figure, 


te IN oe y—y’ 
~ eos LKN ~ cos (s’+7’) 
Take values of y and y’ from Table XXXVI; values of s’ and 


a’ from Table XXXYV. 
In the triangle KLE’, since KH’E = (s—s’), 


KL sin?’ KL sini 
A sin 7 i KE’ se sin 2 (227) 


~ sin (s—s’)’ sin (s—s’) 


(226) 


LE’ 
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Values of spiral long chords and tangents appear in Table 
XXXVIII. 

229. With a spiral tegminating at L, Fig. 127, if the circular 
are on the following chord length were produced backward 
from L through the angle s, it would terminate at A’ in a line 
parallel to the main tangent, the perpendicular distance D, 
between the two being LM—IA’, or 


p = x—R’ verss (228) 


in which R’ is the radius of the spiral arc (n-+1). 
Also, 
q=SM-LI =y—-R’'sins (229) 


We thus have q and p as the coordinates of the point A’ 
which are often convenient either in the field or the office. 
Values of p appear in Table XXXVIII. But, if the radius 
of the curve beyond L differs from that of the spiral arc (n+1), 
these values of p will not apply to it and must be computed. 
(Compare p in Tables XX XVIII and XXXIX.) 

230. Combination of curve and spiral (Fig. 128). 
Given: a circular curve with equal spirals joining two tangents; 
to find the tangent distance, T, = VS. 

Let SL be one spiral and LH one half of the curve with 
its center at O. Join OL and OV, and through L draw GI 
parallel to the tangent, and GN, LM perpendicular to it. 
Then, 


10L=s, I10V=%3A, OL=R', SM=y, LM =< 
SV =SM+NV+MN 


Michie an LOG = pen a) 
sin OGI cos gA 
Hence, 
sin ($A —s) 


Ts = yta tan $A+R’ (230) 


cos $A 

Example. Total angle 42°, degree of curve 7° 20’, spiral, 
10 chords of 24 ft each. What is the tangent, distance? 

AOS, TENE IG OLY. 

Approximate formula for Ts. When selecting a curve with 
spirals to suit certain tangents use the following approxima- 
tion: 

ff, = R’ tan pA+ine (231) 
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or, to the tangent distance for a simple curve add one-half 
the length of an appropriate spiral; the sum will be the ap- 
proximate distance required. When a satisfactory selection 
has been made, compute the exact 7’; by equation 230. 
231. Given: a circular curve with equal spirals, joining two 
tangents; to find the external distance, VH = EH, (Fig. 128). 








Fig. 128, 
In the figure, 
VH = VG+GO—0OH 
x COs $ 

E; aes eS R’ es lA 
cos yah cos $A E 
2+R’(cos s— cos $A) 

>. 3 eee 

A cos ZA (237) 


Example 1. Total angle 42°, degree of curve 7° 20’, spiral 
10 chords of 24 ft each. What is the external distance? 
Equation 232. 

Ans. EH, = 59.298. 

For a small change in R’ but with the same spiral being 
used, what will be the change in 7's and in £,? 

If in equation 230 we give R’ two values in succession and 
subtract, we shall have 

: j sin (A—s) 
Dif (= di. 


233 
cos 3A ge 
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Similarly, the corresponding change in EZ, will be 


“i 
Diff. Baye diff. RSET OS 28 (234) 
cos ZA 

Example 2. Changing the degree of curve in the previous 
example to 7° 30’ will make what change in the value of E,? 
(diff. R’ = 17.351.) Equation 234. 

Ans. Diff. H; = 0.997. Hence, new value of E,; = 58.301. 

For a small change in ¢, the chord length (n and, therefore, 
s being constant), and with the same radius as before, we 
have, from equation 232, 

Diff. Z; = ——— (235) 
cos 7A 

The change in ¢ must not be so great as to make the last 
degree of curve of the spiral incompatible with the main 
curve. 

Example 3. Changing the chord length to 26 ft in the fore- 
going example will make what change in the value of E,? 
(Gift ca 118°) 

Ans. Diff. H; = 1.197. New value of FE, = 60.495. 

232. With Es unchanged and the angles A and s the same, 
ut is required to find the change in R’ required by a change in z 
in order to close on the same tangents. 

Solving equation 232 for R’, we have 

, _ Hs cos 4A=—2 
~ COS $— COS 2A 


in which, by giving to x any two values and subtracting one 
result from the other, we derive 


Di, RI ete — ee 
cos s— cos 3A 





(236) 


The minus sign shows that R’ decreases as x increases and 
vice versa. 

The new value of x is taken from the table for the same 
value of n as before and such that the new spiral and result- 
ing curve shall be consistent with each other. 

Example. Let D’ = 7° 20',A = 42°,5. = 9° 10’,27 = 10,c 
= 24, 
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Select m = 10, c = 26. Then diff. x = —1.118 and diff. 
R’ = 20.84. Ans. R’, 781.84+20.84 = 802.68, say 7° 09’. 

Note that with new value of x goes a new value of y. 

233. Given: a simple curve, to replace it by another with 
spirals on the same ground and of same length, as nearly as 
may be (Fig. 129). 

Let AH be one-half the given curve with center at O, H’L 
one-half the new curve with center at O’, and SL its spiral, 





Fig. 129. 


EM =x, SM = y, HH’ = h, the radial offset, CA’ = p, the 
clearance of the curve produced. Then, 


ON = AO—NF—FA = R—-R’' coss—x 
Also, 
ON = 00’ cos4A = (R+h—R’) cos $A 


_ Equating these two values of ON and rearranging terms 
gives 
R'(cos s— cos 5A) = R vers ;A—2—h cos 5A 
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and, since . 
(cos s— cos 4A) = (vers }A— vers s) 


hcos tA = (RXR’ vers 3A—(x—R’ vers s) (237) 
The last term is the expression for p, whence 


(R—R’) vers$A = heos3A+p (238) 
and 
p = (R—R’) vers $A—h cos $A 


From the figure, 


d=SA =SM—CM—AC =SM—IL—NO’ 
or 
d = y—R’ sins—(R—R’+h) sin$A (239) 


d = q—(R—R’+h) sina 


The new degree of curve D’ will be somewhat larger than the 
old. In view of the probable value of D’ select a suitable 
spiral, and with the tabular value of p and any desired small 
value of h solve equation 238 for (R —R’), whence the approxi- 
mate value of R’ is known. From the table of radii correct 
R’ to the nearest minute, and with this value of R’ find h by 
equation 237 and d by equation 239. The value of q should 
be found by equation 229. The last term of equation 237 
gives the correct value of p. Length, original, d+3L; new 
with spiral, ne+3L’. 

If desirable, a comparison of lengths may be made with 
the approximate value of (R—R’) before finally fixing on R’. 

Example. Given: D, 6°00’; A, 50° 12’; select spiral n 9, 
c 26, s 7° 30’, from Table XXXVI. 

Assume h = 1 ft and p from Table XXXVIII 3.12. (This 
value of p is approximate only.) Solve equation 238 for 
(R—R’) = 42.65 which gives R’ = 912.72. If the D’ corre- 
sponding to this were taken, it would be in seconds; conse- 
quently, take R’ for D’ = 6°16’. Then compute h = 0.991 
from equation 237, and find p = 2.938, ¢ = 114.179, d = 
96.529. Half-lengths, original, 514.86; new, 514.85. 

234. Given: a simple curve; to replace it by another with 
sptrals that shall pass through the same middle point, H. 

In Fig. 129, H’ and H will coincide. The two values of ON 
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will be R—R’ cos s—ax, and (R—R’) cos $A. Equating as be- 
fore and collecting terms gives 
R= R vers 5A ae (240) 
COS S— cos ZA 

This will probably give a fractional value of D’, and, if it 
is necessary that h be exactly zero, this must be so taken. 
But, if a whole minute curve is taken, this will result in a very 
small value of h, either plus or minus, which must be noted. 

Example. Given: D, 5°, A 48°, Spiral, n 7, c 26, p 1.59. 
Then, equation 238, approx. (R—R’) = 18.39 and R’ 1127.89. 
Assume R’ = 1127.50 for 5°05’. Then p = 1.554, h = 0.077, 
gq = 90.139, d = 82.469. 

235. Given: a simple curve joining tangents; io compound 
it near each end so as to introduce a spiral (Fig. 130). 

Two methods of solution may be given: (a) by change in 
formulas previously deduced and (}) directly from a figure 
as in the two previous sections. 

(a) In place of 4A use some smaller angle 8, compounding at 
some point Q, and, by substitution, the last equation becomes 


Z R vers @—z 


= (241) 
_ cos s— cos@ ] 


Use the corresponding value of D’ for the arc LQ. In equa- 
tion 239 substitute @ for $A, and solve for d. 

Otherwise, assume the nearest tabular value for R’, and 
with this compute a new value for 0, thus fixing the position 
of the point Q. For this purpose, in equation 241 write (vers 
§— vers s) for (cos s— cos @) and solve for vers #0, whence, 

x«—R’ vers s 
30 = ————_— 242 
ver; RoR (242) 
The numerator is evidently the new value of p. 
In equation 239 make h equal zero, and write @ for 4A, 


whence 
d = y—R’ sins—(R—R’) sin 6 (248) 


(0) In Fig. 180 draw the line O’N perpendicular to OA. 
Then, 
ON = OO’ cos 6 = (R—R’) cos 0 
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Also, 
ON = OA—R’ coss—x = R—R’ coss—z 


X 
Equating and collecting terms yields equation 241. 
Likewise, directly from the figure, 


d = y—R’ sins—(R—R’) sind 


H 
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Example. Given: D 3° and spiral n 7, c 40, and @ = AOQ 
= 9° 10’. 
By equation 241, 
R’ = 1729.31 sor. D’ = 8° 18’ 45” 
but, if D’ = 3° 20’ is assumed, by equation 242, 
2.442 


vers 0 = ———— 
190.96 


= vers 9° 10’ 22” and AQ = 305.76 


By equation 248, 
= 279.802 —139.865 —30.442 


109.495 
Hence, 


Old line = SAQ = 415.255; new line = SLQ = 415.190 
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Note. We may assume f’ without using equation 238, and, 
if 0 be not satisfactory, try again. If we assume R’ from D, 
for (n+1) of the spiral, we may use the tabular value of p 
for the numerator in equation 242. 

236. Given: a simple curve joining two tangents; to move the 
curve inward so as to provide clearance for spirals (Fig. 131). 
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(a) When the spirals are alike, the clearance is expressed by 
p in equation 228.. 


Draw the line ON. Then, 


O'N = 0/0 cos$A = heos ZA 





Also, 
O'N = Reoss+a—hk = ax—Rverss = p 
x—R vers s p : 
cos ZA ~ COS 5A Sh) 
Similarly, the distance SA = SC-++CA, or 
d = q+hsinZA = q+p tan ZA (245) 


The maximum displacement h occurs at the middle of the 
curve. 
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(0). When different spirals are required (Fig. 132): 
With the given value of R compute p, p’, q, v', by equations 
228 and 229, and let p bg less than p’. 
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In the figure let V’ be the intersection of parallel tangents, 
V'H = p and V’K = p’. The diagonal VV’ = AA’ = BB’. 


AC = VH = VF-HF BC’ =VK = VG—KG 








AP pcre LPP gag) 
sin A tanA sn A tanA 
C= gq+AC ad” ="¢'- BC’ (247) 


The central arc must be shortened to some point Z (not 
shown) as in Fig. 131 and the spirals tacked on so as to keep 
the original tangents as they were. 

Note that, if BC’ should prove negative in equation 246, it 
takes the minus sign in equation 247. The maximum dis- 


placement of the curve equals VV’ and is on the radius drawn 
parallel to VV’. 


AC p 
Goh aa = —____. 24; 
tan VV’H . and VV cos VV (248) 
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Equation 246 should be compared with equation 47 in the 
chapter on simple curves. 

Example. Given: D = 5°; A = 87°; and. spirals ne = 
8X30; n’c’ = 10X36. 

Then, s = 6°; s’ = 9°10’'5 p = 2.615; p’ = 5.483; q = 
119.903; @’ = 176.427; AC = 5.641; BC’ = 2.931; d= 
125.544; d’ = 173.496; VV’H = 65° 08’; VV’ = 6.218. 

The necessity for differing spirals seldom occurs with a 
simple curve. If the displacement should be objectionable 
for any reason, one of the preceding methods may be adopted 
instead. 
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SPIRALS WITH COMPOUND CURVES 


237. Given: a compound curve joining tangents; to move the 
entire curve inward so as to provide clearance for spirals 
(Fig. 133). 

As suitable spirals will necessarily differ, the general method 
of the last section will apply here. Designate the spiral 
values by the same subscripts as the arcs themselves, let R1 be 
less than Ro, and A = Aj+Ae. With R; and s; find p; and 
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qi; also with Ry and sp find pe and ge, using equations 228 
and 229. X 
Then, as in equation 246: 
ce aac « pers aPh ahh) noghio) 
sin A tanA sn A tanA 
If BC’ should prove negative, give it the minus sign in the 
next formula. 


dy =S g+BC’ de — gtAC 
ng = AE ie 
tan VV’H = Fe Vivi cos VV 


The maximum displacement of the curve equals VV’ and 
occurs on the radial line drawn parallel to VV’. If this radial 
line does. not.cut the curve between tangent points, the curve 
displacement varies between the limits p; and pe. The cen- 
tral angles of the resulting curve will be, respectively, 


(Ai—sy) and (Ag—sp) 
Example. Given: 


Dy 8° 20’, Ay 25° 08’, nicy 11X24, s, 11° 
Dz 3° 20’, Ag 38° 57’, nce 8X45, S2 6° 


Then, we derive 


p1 4.974, po 3.928, gi 181.680, go 179.883 
AC 3.621, BC’ 1.938, dy 135.301, dp 181.121 
VV'H 42° 42’, VV’ 5.338 max. at 17° 39’ beyond P 


238. Given: a compound curve joining tangents; to replace it 
by another with spirals on the same ground and of the same 
length, as nearly as may be (Fig. 134). 

The point of compound P will be preserved but moved 
outward by a small offset h, and each are may then be treated 
separately as though it were half of a simple curve. As each 
are will be somewhat sharpened, select suitable spirals ac- 
cordingly, assume a small value for h (see Table XL for values 
of h in various cases), and compute the new radius R;’ and 
also Re’, giving probably fractional degrees of curve. These 
may be adopted at once, or, if preferred, one new radius may 
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be assumed for the nearest minute. Then with this new 
radius a new value for h is computed and with this the value 
of the other new radius is recomputed. 

With these final values proceed to compute d, and de, and 
compare the lengths of the new and old lines. Draw the line 
O2'N perpendicular to O2A. 





Fie. 134. 
Now, 
O.A = Re, Oo'L = Ro’, angle AOeP’ = Ag 
Then, 
O2N = (Ret+th—R2’) cos Ag 
and also 


= Re—Re' cos s—z 
Collecting and rearranging terms, we have 


ess Re vers Ao—(x-+h cos Ag) 


(250) 
cos s— cos Ag 


Re’ 
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and, since 
cos s— cos Ag = vets Ae— vers $ 


h cos Ag = (Re—Re’) vers Ag—(a—Re’ vers s) (251) 
Finally, 
d =SA = y—R! sin s—(Ro+h—Ro’) sin Ag (252) 


The same formulas apply to the other arc; only the sub- 
scripts are changed where they occur. 
Example. Given: 


Dy, 8°; Ay 29°; n 9, c 20 
and 
De 6°; Ae 25° 06’; n 9, c 26 


Assume h = 1. Then, De’ = 6° 16’ 06”; but, for De’ 6° 16’, 
h = 0.99054, and, for this value of h, Dy’ = 8° 17’ 56” (say) 
8°18’. Then, d; = 76.474; dz = 96.981. 


Length old line 489+515.3 = 954.3 
Length new line 489+514.9 = 953.9 


Given: a compound curve; to apply spirals without disturbing 
the middle portion of the curve. 

The methods discussed in §§ 234 and 235 apply here with 
merely a change in notation; P replacing H, and Aj or A: or 6 
replacing $A, as the case may require. In the case of three 
or more arcs in the curve only the terminal ares are affected 
by the use of these methods. 

239. Given: a compound curve; to introduce a spiral between | 
arcs at the point of compound P (Fig. 135). | 

The arcs must be separated by a radial offset at P to afford | 
clearance for the spiral, the sharper arc being inside the other. | 
If it is new work, the sharper arc must be shifted along the | 
tangent toward the vertex so that it may be inside the other 
are. If the curve actually exists, the sharper arc must be 
compounded at some point so as to bring it inside the other. 
In general, the spiral and offset bisect each other. In Table 
XXXVI under any one chord length find two values of Ds 
corresponding, as nearly as possible, to D; and De, and use 
the portion of the spiral included between them; lay off one- 
half this length on each are from P, for the new compounding 
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points F and H. From the point F the spiral FH may be 
located by deflections from the local tangent, by using only 
the portion of spiral selected and the deflections given below 
the zeros in Table XXXV for the point number represented 
by F. 

Or the spiral may be located from H towards F by using 
the deflections given above the zeros in Table XXXV for the 





Fie. 135. 


instrument at the point number represented by H. The sum 
of the angles taken from the two arcs equals the spiral angle 
for the portion of the spiral used. Should the distance FH 
prove to be a little longer or shorter than the spiral, the several 
chord lengths may be slightly altered. 

Now the linear offsets from arc to spiral at the chord points 
are the same as from a tangent, if Ff or H is regarded as the 
point of spiral S, and the points are numbered from them as 
usual; the offset is equal to x given in the table. Thus, if 
the spiral is eight chords long, the fourth point from either 
end will be at P; consequently, the offset PP’ will equal 2x 
for n = 4 in the proper table. 
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But, when the spiral has an odd number of chords, the half- 
length will bisect the mixdle chord, and the value of z is 
found by multiplying the chord by the coefficient here given 
opposite the half-length of spiral. 


COEFFICIENTS FOR x AT HALF-CHORDS 


n n n 
1.5 0.00364 4.5 0.05999 7.5 0.24711 
2.5 0.01273 5.5 0.10397 8.5 0.35200 
3.5 0.038054 6.5 0.16538 9.5 0.48288 


The spiral may be located by offsets. First chord lengths 
are laid out from P on one arc, and from P’ on the other, and 
then x is set off at each point till F or H is reached, where 
x =0. If the spiral long chord FH be required, it may be 
computed by equation 226 for the portion of the spiral ac- 
tually used. 

Example. Given: a compound curve of D 4° and D’ 12°; 
to introduce a spiral at the P.C.C. In Table XXXVI under 
¢ 21 find at 5, D, 3° 58’ and at n 15, Ds 11° 55’; therefore, 
the spiral will extend from point 5 to point 14, and the spiral 
angle s will be (17° 30’—2° 30’) = 15°. Divide this between 
the ares in the ratio of their degree of curve, or $ and 3 parts, 
3° 45’ on the 4° curve, and 11° 15’ on the other. This takes 
93.75 ft on each are, total 187.50 ft; but the spiral measures 
9X21 = 189 ft; the difference, 1.50 ft divided by 9 gives a 
correction 0.17 for each chord length; hence, c = 20.83. The 
point n 5 is taken at F, and, from Table XXXV “Inst. at 5” 
the deflection for point 6 is 30’. Make this and the succeeding 
deflections up to n 14 or H. At H deflect from chord HF 
to find tangent 8° 36’ 45’ (found “Inst. at 14” n 5) to com- 
plete the 15°. 

The middle point of the spiral is n 4.5 for which the co- 
efficient is 0.06; hence, the clearance p = 2X21X0.06 = 2.52 
for separation of curves at P. 


Field and Office Work 


240. A spiral may be set out on the ground in either direc- 
tion by using the proper list of deflections, according to the 
point n at which the transit is placed, but to secure perfect 
agreement with the tangent it is better to proceed from the 
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tangent point with each spiral and afterward connect them 
by the intervening curve. The several points of the spiral, 
however, are not required except for track laying, and in the 
earlier stages of the work it is sufficient to locate the extremities 
of the spiral by its long chord SL.. Any regular station of 
the survey which falls on the spiral may be located by treating 
it as a plus between chord points, making the deflection to it 
accordingly by ordinary interpolation. Strictly speaking, 
there is a second difference to be applied to the deflection so 
found (minus when running from S and plus when running 
from L), but as this amounts only to 12’’.5 at the middle-of a 
chord, it may usually be ignored. A transit point, if required 
on a spiral, will be located at a regular chord point. 

In a difficult country, where the line requires close adjust- 
ment to the contour, it is wise to ignore all spirals until a 
satisfactory location has been obtained. Spirals may then be 
introduced by any of the methods described. Only in. a flat 
country, or where a very careful paper location has been pro- 
jected, is it worth while to set out spirals at the first 
running. 

In projecting a paper location it is desirable to have at 
hand a set of circular templets cut to the scale of the map 
and representing: convenient degrees of curve. After finding 
by trial a curve that fits the topography when touching the 
tangents, locate the tangent point A by a perpendicular from 
the center, and withdraw the templet a little to give the neces- 
sary clearance 7: for the spiral. The distance moved along the 
line VO is 

Pp 


= 253, 
cos 3A e8) 





The clearance may be too small to be shown accurately to 
scale, but the distance AS may be computed (equation 245) 
and laid off to locate S from which the point L. may be located 
by its coordinates, x and y. Or the entire tangent. distance 
VS may be computed and scaled. The spiral may be drawn 
with a suitable curved rule. It should sensibly bisect the 
offset p and be bisected by it very nearly. 

When curves predominate, these should be drawn first. to 
suit the contours, but far enough apart to admit the necessary 
spirals and a bit of tangent. The tangent lines are then 
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drawn to touch short arcs outside the curves at the distance 
p. Then, from a radius drawn perpendicular to the tangent 
lay off g to locate S and R'sin s to locate M opposite L. 

Table XX XIX supplies the quantities required for project- 
ing curves and spirals in either field or office work for a selected 
list of simple curves. It furnishes also a means of computing 
correctly the spiral tangent 7’; for any curve in the list by the 
use of the formula, 


T, = T+q+p tan $A (254) 


in which T is the tangent distance for the simple curve. (The 
student should derive this equation.) Much time may be 
saved by adopting in practice the curves listed in this table. 


THE TEN-CHORD SPIRAL 


241. The ten-chord spiral. Instead of the multicom- 
pound curve, discussed in this chapter as the railroad spiral, 
we may use a curve of variable radius to effect the same result, 
namely, the easy transition on a railroad track from a tangent 
to a circular curve. 

The essential condition in this case is that the variable 
radius of curvature at any point of the spiral shall be inversely 
as the length of are to that point from the main tangent 
point. This secures a uniformly increasing degree of curva- 
ture from the tangent to the given circular curve and accords 
with the regular rise of the outer rail to the elevation 
required. 

A spiral of this form has been adopted by the American 
Railway Engineering Association and is called “The Ten- 
Chord Spiral’ from the fact that, in every instance, it is de- 
signed on ten equal chords, which, taken together, constitute 
the length of the spiral. Although theoretically the length 
of spiral signifies the length of its are, yet in the case of flat 
ares, or where the degree of curve does not exceed 8° or the 
spiral angle does not exceed 15°, the measurement of the spiral 
by its chords gives practically correct results. Beyond these 
limits, however, certain small corrections become neces- 
sary. 

242. In the discussion of this spiral we have adopted the 
following (Fig. 136): 
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Notation 


I| 


r = radius of curvature at any point of the spiral 
R = radius of the circular curve, and limiting value of r 

d = degree of curvature at any one point of the spiral 
D = degree of curve of the circular curve, and limit of d 

l = length of spiral arc from S to any point on the spiral 
L = total length of spiral arc, and limiting value of | 

s = central angle of the spiral up to any point 

S = total spiral angle up to L, and limiting value of s 

% = deflection at S from the tangent to any spiral point 

I = total deflection to the point L, and limiting value of 7 


243. From the condition previously stated we have, at once, 


ae ies 

a 255, 

ioe (255) 
and, for flat ares generally, 

Gar gl 

i 256 

eM Sa (256) 


Since d is zero at the tangent point and increases uniformly 
to its limit D at L, its average value is $D, and this multi- 
plied by the length of the spiral in stations of 100 ft, or 
L/100, gives the central angle of the whole spiral S (compare 
equation 7). 

LD 


= — 25 
200 mide 
Similarly, for any other point of the spiral, 
ld 
= — 257A 
* ~ 200 ee 


Dividing s by S and substituting from equation 256, we 
have 
?? 
(258) 


x 


or the spiral angles are to each other as the squares of the 
lengths of spiral measured from the tangent point S. 
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Substituting in equation 257A the value of d from equation 


256, we have 
Pyne De 


OPNQ00L 
which gives s in terms of D, L, and I. 


(259) 
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From the elementary triangle we have at any point of the 
spiral the differential equation, 


dz — dl-sins 
and, since for flat arcs, 


sin s = s very nearly 





Didi 
dc ="s-dr= 200L 
and, by integration, 
EES (260) 
7 aitiG00L 


in which D must be expressed in length of arc taken from 

Table XX, or else the angle d must be multiplied by 7/180°. 
When / = I, x becomes X, and 

D-I? 

600 


xX = 





(260A) 
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For the deflection angle 7, sint = x/l approx., and, when i 
is small, 





(261) 


when s does not exceed 15°. | 
Let xz, y be the variable coordinates of the spiral, the main 
tangent being taken as the axis of Y with the origin at S. 
When s does not exceed 15°, x is given by equation 260 and 
y by 
y = 1-cost (262) 


244. All the foregoing formulas give values for any point of 
the spiral, but the only points to be considered are at the inter- 
sections of the ten equal chords which measure its length. 
Let c be the length of one of these chords, and let a1, a2, as, 
etc., be the angles which these chords produced make with 
the tangent. To find their values: 

If through any chord point B of the spiral (Fig. 137) and 
with the radius of curvature for that point we draw a circular 
arc having a common tangent at B, and from that point draw 
the short chord c to the spiral at K, and another of the same 
length to the circular arc at G, then, by the law of the spiral 
the angle GBK between these chords is equal to 7 the deflec- 
tion angle at S for the first chord c. 

Take any point as B (Fig. 137) on the spiral. Then, if BK 
is one chord distance, the angle KBG is the same as the angle 
at the point S between the main tangent SE and one chord. 
Similarly, the angle at B between the circle GB and a forward 
point on the spiral two chord distances from B is the same 
as the angle at S between the main tangent SE and the second — 
point on the spiral, and so on. This is called the “law of 
the spiral.” 

Let the chord BK be the nth chord of the spiral, K the 
nth point, and B the point (n—1). Since from equation 258 
the spiral angles are to each other as the squares of the dis- 


244 THE SPIRAL CURVES [Ca. IX 


tance from S, the spiral angle at B will be 


so _ (0-1? 
$1 4 ile 
or 
Sn—1 = (n—1)?sy 


in which s; is the spiral angle for the first point n; and equal : 
to S/100. | 





Fie. 137, 


Let 6 be the deflection angle from the common tangent at 
B to the chord BG. Then in general, similarly to equation 14, | 


cd 
200 


Now the chord length ¢ = L/10 and, from equation 257A, | 
d/200 = s/l. Substituting these values of c and d /200 in the | 
previous equation, we get 

Ls 
101 





| 
The values of J and s for the nth chord and the point (n—1) | 
are 
_ @m—-)L 
PEO 


l 





and s = (n—1)’s, 


Substituting these values for J and s in the second formula for 
6 yields, for the chord BG, 


5 = (n—1)s1 
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Then a, = angle KBJ = the sum of the spiral angle for the 
point B (= HBJ) plus the deflection angle HBG plus the angle 
GBK, or, for the nth chord, 


Qn = [(n—1)? +(n—1) +3] 81 (263) 
or, in terms of a; which equals 7, 
Qn = (8n?—3n+1)a, (263A) 


Tf in the parenthesis we substitute in succession the numbers 
from 1 to 10 for n we get a series of coefficients of a; for all 
the chords of the spiral, namely, 1, 7, 19, 37, 61, 91, 127, 169, 
217, 271. 

(Observe that these numbers are the first differences of the 
cubes of the serial numbers, 1 to 10; their differences are 
multiples of 6, and their second difference is 6, a constant.) 

The values of a thus obtained serve only the purpose of 
deriving precise values of the coordinates, x and y, for the 
ten chord points when s is too large to admit of the assump- 
tion, s = sin s, or sin? = a/l, as is done in § 243. 

245. Having the angle a which any chord c makes with 
the main tangent, multiply c by cos a and sin a, respectively, 
to obtain the projection of that chord on the tangent and 
perpendicular. The successive addition of these projections 
gives the values of the coordinates, x and y, for the chord 
points of the spiral. This work has been done and tabulated 
once for all for various values of S and L. We may then 
obtain the precise value of the angle 7 for any point of a given 
spiral by 


x 
tan? = or tan] = ¥ (264) 


S18 


246. Let C be the long chord SL of the spiral, and let 
U and V be the tangents SH and HL of the spiral, as in Fig. 
136; then, as in § 228, we have at once, 





or. C = 


= (265) 
cos I sin I 
x 





U = Y—XcotS; V= (266) 


sin S 
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in which X, Y, and S are taken from the table for the given 
spiral. Since the angle et E equals S, the deflection angle 
ELS is 

I’ =8S-I (267) 


247. If the circular curve of radius R were extended back- 
ward through the angle S, from L to A’, the length of the ex- 
tension would be half that of the spiral, or 5, and the point 
A’ would be the tangent point of a tangent parallel to the 
main tangent. 

Let g, p, be the coordinates of the point A’ as in the figure. 
Then, as in § 229, 


q=Y-—RsinS and p = X—RversS (268) 


in which X and Y are the coordinates of the point L. 

Values of g and p are given in Table XLVIII for certain 
values of D and L; also in Table XLIX are given the coeffi- 
cients of D and L for finding qg and p. 

248. Let T;, H; be the tangent distance and external dis- 
tance to the vertex for the combined spiral and circular curve, 
and let A be the total angle between tangents. Then, from 
Fig. 136, we have 


T, = (R+p) tan fA+g (269) 
E, = (R+p) ex sec 4A+p (270) 


249. On location surveys it is desirable to do all the field 
work in a forward direction since the line and field notes are 
continuous, and the second or closing spiral of a curve should 
form no exception to this rule. For forward work from L’ 
equation 267 gives the deflection J’ and equation 265 gives 
the long chord C, by which the closing tangent point 9’ may 
be reached. After the position of this point has been verified 
and the closing angle J tested, any station stakes required on 
the spiral may be set. A station will usually occur as a 
“plus” between the spiral chord points. 

It would be convenient to have a table of deflections for the 
spiral from the common tangent at the point L or L’, but 
these deflections may be computed with little trouble since 
the deflections from points on the circular curve LA’ pro- 
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duced to spiral points are the same, point for point, as the 
deflections from the tangent given in Table XLV for the other 
end of the spiral. With a given value of the chord ¢ take a 
series of points from L on the circular curve LA’, and compute 
the deflections to them from the common tangent, deduct 
from these the tabular values of 71, 7, 73, etce., found in Table 
XLV, and the differences will be the deflections required from 
the common tangent at L to the several spiral points, 9, 8, 7, 
etc. These results are correct up to 15° practically. 

When centers are to be given for track laying it is desirable 
that the transit be set at the main tangent point in every case, as 
this insures greater precision in alignment on the flat part of the 
spiral and a perfect connection with the tangent. 

Example. Given: a spiral of 300 ft to connect a 6° curve 
with the following tangent, to find the deflections from the 
common tangent at DL’. 

By equation 257; S = 9°, sy = 0.09° = 5.4’, 71 = 1.8’, c=30. 


Point Circle Table XLV Deflec. 
” 0° 00.0’ 0° 00.0’ 0° 00.0’ 
9 O 54 6D) Sy 52.2 
8 1 48 _ 7.2 = 1 40.8 
Y ee tar - 16.2 = 2 25.8 
6 3 36 =— 28.8 = —'3s 07.2 
5 4 30 => 45.0, = §3 45.0 
4 5 24 — 104.8 = 4 19.2 
3 6 18 —- 1 28.2 = 4 49.8 
257° 12 = lb .24 1,0 ,1658 
YT 8 "06 — 2 25.8 = 5 40.2 
8’ 9 00 — 3 00.0 = 6 00.0 


The same result will be obtained by multiplying 7 by the 
coefficients in the last column of Table XLVI. For a check 
the second difference of the deflections is a constant and 
equal to 22}. 

250. Should it become necessary to use a transit point 
on the spiral, one of the chord points will be selected for this 
purpose, preferably point 5. Compute the deflections from 
the tangent at such a point on the principle given in the last 
section, using for the circle, however, the circle described by 
the radius of curvature of the spiral at the point selected. 
To these deflections apply the tabular values of 7 as before, 
deducting them for points between the transit and the main 
tangent, but adding them for points between the transit and 
the circular curve. 
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Example. Given: a spiral of 300 ft located from either 
end as far as point 6; to find the remaining deflections from 
the local tangent at that point, in connection with a 6° curve. 

At point 6 the degree of curvature is 6D/10 or DOr ci— oO 
ft, and 7 = 1.8’, as before. 


Point Circle Table XLV Defilec. 
Si 5 8° 14,45" — 1904 (ery ee n° Sonar 
1 42.0 — 45.0 = 57.0 
2 209.6 — 28.8 = 1 40.8 
3 1 37.2 — 1622) =a AO 
4 104.8 — Uegvae = 57.6 
5 32.4 — alagey = 30.6 
6 00.0 0.0 00.0 
7 32.4 + 1.859 34,2 
8 04.8 + (en See ORO 
9 i 37.2 4+ 1652 WSO 15374 
GL 209.6 + 28, 9-5 = Dose 


Note that the spiral points are numbered from the tangent 
toward the curve, regardless of the direction in which the line is 
measured. When point 6 has been established, the entire 
spiral may be located from this point, using these deflections. 
The same deflections may be obtained by multiplying 7 by 
the coefficients in column 6 of Table XLVI. The second 
difference is constant. 

251. When it is desired to locate a spiral with the tape 
without a transit, first find X, the offset to the end of the 
spiral, and (since offsets vary as the cubes of their distances 
from the tangent point) divide the spiral into any convenient 
number of equal parts, divide X by the cube of this number 
for the first offset, and multiply this offset by the cube of 
succeeding numbers for the other offsets. Stretch a wire or 
cord to mark the line of the tangent, lay off from S along the 
spiral the length of chord adopted, setting each forward pin 
at the computed offset distance from the wire. The offset 
must be at right angles to the wire. This method is inferior 
to the transit method and should be used only in case of 
emergency. By dividing the spiral into eight equal parts the 
computation of offsets is somewhat simplified, the middle off- 
set being $X, the first quarter offset one eighth of this, and 
the first offset one eighth of the latter ; Since 8 is the cube of 2. 

Example. Given: D = 8° and L = 280 ft; to locate the 
spiral of ten points from the tangent. By Table XLVIUII, for 
point 10, find X = 18.20; for point 1, point off three places, 
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giving 0.0182; multiply this by 8, giving 0.1456 for point 2; 
and again by 8 for point 4, giving 1.1648; and again by 8 for 
point 8, giving 9.3184. Now multiply 0.0182 by 27 for point 
3, giving 0.4914, and this by 27 for point 9, giving 13.2678, and 
also by 8, giving 3.9312 for point 6. Finally, for point 7 
multiply 0.0182 by 348, giving 6.2426. For a check set these 
products in order in a column, and take their differences; the 
third difference is constant, 0.1092. It is proper to compute 
with four decimal places, although only two places can be 
used on the ground. 

252. Although the length of spiral and degree of curve are 
arbitrary, they bear a certain practical relation to each other, 
and, although the curve as a whole must suit the topography, 
the spiral must not be too short to provide an easy transition, 
nor yet so long as to crowd the circular curve and increase 
unduly its degree. For limits in length of spiral consult 
Table XX XIII, having regard also to the probable speed of 
trains. Owing to its varying curvature a long spiral is less 
easily kept in true alignment than a circular curve. As a 
rule the two spirals of the same curve should be alike. 

253. To introduce a spiral between arcs of a compound 
curve. After relocating one of the arcs to provide the necessary 
offset at the point of juncture P, assume the length of spiral L, 
and lay off half of this from P on each are. Let D be the dif- 
ference in degree of curve of the two ares, and by equation 257 
find S, and from Table XLV take out the deflections required. 
The transit being set on the flatter are at five chords from P, 
find the chord points on the arc, and make the spiral deflec- 
tions from these to locate the corresponding points of the 
spiral; or add these deflections to the tangential deflections 
for the are points, and deflect the swms from the local tan- 
gent to the spiral. 

If the transit is set on the sharper arc at five chords from P, 
proceed in the same manner, but subtract the deflections and 
deflect the differences from the local tangent. This method 
is evidently the same as that described in § 250. The required 
interval between arcs at the point P is twice the offset at the 
fifth point and may be calculated. The entire spiral may be 
located by offsets from the arcs, the offsets being in the ratio 
of the cubes of the point numbers and equal to the offsets 
from tangent to spiral described in § 251. 
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254. To distinguish between the several transit points at 
which changes in aligament occur the American Railway 
Engineering Association has adopted the following notation: 
A transit point is designated by the initials of the two lines 
which unite at that point, the initials being given in the order 
in which the station numbers of the survey increase. Thus 
we have: 


T.C. for change from Tangent to Circle. 

T.S. for change from Tangent to Spiral. 

S.C. for change from Spiral to Circle. 

C.C. for change from Circle to Circle of differing degree. 
C.S. for change from Circle to Spiral. 

S.T. for change from Spiral to Tangent. 

C.T. for change from Circle to Tangent. 


CHAPTER X 


CROSS SECTIONS — 


STANDARD METHODS 


255. Field measurements for earthwork. As soon as 
the preliminary-location center line-has been staked out, 
measurements are made in the field from which the required 
quantities of excavation and embankment can be accurately 
computed. Similar measurements are made on the completion 
of the final location and often for the monthly estimates of 
work completed during the period of construction. Owing to 
the irregularities of the ground, it is impossible to determine 
these quantities with mathematical precision, but a standard 
procedure has been developed that is simple to use both in the 
field and in the office and gives results that are sufficiently 
accurate for practical purposes. 

The procedure consists of determining the areas of cross 
sections of the required earthwork at frequent intervals 
along the line and computing the volumes of each cut or fill 
from these areas and the distances between them. The cross 
sections are taken on vertical planes at right angles to the 
line. Where the ground surface is reasonably smooth they are 
taken at every station or half station. Where the ground is 
irregular and at the ends of cuts they must be taken at more 
frequent intervals, as described in Chapter XI. As the 
volumes of cuts and not the fills are the basis of payment, 
more care is used in cut measurement. Rock excavation, 
which is not only more irregular but also much more expensive, 
must be measured with the greatest care of all and, accordingly, 
requires the greatest number of cross sections. 

Sometimes the areas can be computed directly from the field 
notes. But to prevent error, and usually to assist in comput- 
ing the areas, the cross sections are usually plotted to scale on 

251 


252 CROSS SECTIONS [Cu. X 


cross-section paper. Cross-section paper is ruled in inch and 
tenth-of-an-inch squareg. 

256. Shape of cross sections. The shape of a cross sec- 
tion depends on four elements (Fig. 138): 


1. The elevation (or grade) @ of the finished subgrade 
center line. 

2. The desired shape of the finished subgrade surface, AGB. 

3. The side slopes employed, AH and BD. 

4. The profile of the ground surface at right angles to the 


the line, ELCFD. 
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The grade. The grade is established by application of 
principles elsewhere described and given in detail in Chapter 
XVIII. 

The shape of the finished subgrade. The shape of the 
finished subgrade frequently called the base or roadbed de- 
pends on the design and is shown in the plans on the “typical 
cross sections.’? 

The usual cross section of a railroad subgrade is a straight 
level line. Sometimes ditches in cuts are included, but more 
frequently the roadbed is merely widened to allow for them. 

Highway subgrades are more intricate. They are usually 
crowned, are often brought up to the level of the pavement 
on the shoulders and on the center strips, include ditches, and 
are sometimes raised on the outside for parkways and side- 
walks. 

The side slopes. The side slopes begin at the outside 
limits of the base. They are extended up or down at the given 
slope until they reach the ground profile. The slope is desig- 
nated by the ratio of horizontal to vertical. A 2:1 slope 
extends 2 ft on the horizontal to 1 ft on the vertical. Except 
on light highway fills the slope used is the maximum at which 
the material encountered will stand. The usual slope ratio 
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for earth is 15 horizontal to 1 vertical for both excavation and 
embankment. Damp clay and solid gravel beds will stand for 
a time in cuts at 1 to 1, or an angle of 45°, but this cannot be 
depended on permanently. On the other hand, fine sand and 
very wet clay may require slopes of 1$ to 1 or 2 to 1. Excep- 
tional cases require slopes of 3 or 4 to 1. In rockwork the 
slopes are usually made at } to 1 for solid, 4 to 1 for loose, 
and 1 to 1 for very loose rock, liable to disintegrate. Rock 
embankments stand at 1 to 1. On light highway fills, where no 
guard rail is necessary, slopes of 3:1 or 4:1 are frequently used 
to reduce damage to vehicles that may run off the highway. 

The profile of the ground surface. The profile of the ground 
surface at right angles to the center line is determined in the 
field. For railroad cross sections it is usual practice to deter- 
mine if possible three elevations only, one at the center line, 
and one on each side far enough to include the entire section 
and any minor shifts in alignment that may later be required. 
A profile of this kind is called a three-level section. Where 
large breaks occur, a three-level section cannot be used, as 
auxiliary elevations and offsets must be measured. 

Highway cross sections are usually much wider than rail- 
road cross sections and seldom as deep, and the ground profiles 
often include an existing roadway. Milnor irregularities not 
only are more frequent but they also form a large percentage 
of the total area and, accordingly, require many auxiliary 
measurements. 

The process of measuring ground profiles is called cross- 
sectioning. Elevations are usually measured with a level, 
rod readings on the ground are taken to the nearest tenth of a 
foot, the perpendicularity of the section to the line is esti- 
mated, and offsets are measured with a metallic tape often 
called, for this reason, a cross-section tape. 

257. Plotting cross sections. Cross sections are plotted 
on cross-section paper, usually at a scale of 1 in. = 10 ft. 
They may be plotted by elevations or by cuts and fills as 
explained below under slope staking. If they are plotted by © 
elevations, the typical base is drawn with the center line at the 
grade elevation, and the ground profile is plotted from the 
field notes. The slopes are then extended from the extremities 
of the typical base at the required slope until they reach the 
ground profile. 
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SLOPE STAKING 


258. When the final loc&tion line is established, slope stakes 
are set at every station or half station to guide the contractor 
in shaping the earthwork. A slope stake is placed in the 
ground at the point where the slope of the cut or fill will meet 
the ground surface. On each stake is marked its offset from 
the center line and the vertical height from the ground at the 
stake to the grade of either the adjacent edge of the base or 
the center line of the base. When the grade is below the 
stake position, the vertical height is marked cut; when above, 


Slope 14:1, Base width, cuts 20 ft 
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H.1. 69.7 
Grade 58.7 
Grade rod 69.7-58.7= 11.0 
Rod ¢ 76 
Cut ¢ 11.0-7.6= 3.4 
% cut TZ, 
4g base 10.0 
Offset level ground i tog h 
Uphill cut, go more Downhill cut, go less 
1st try 16.0L 1st try 14.5R 
Rod 16.0 L 5.3 Rod 14.5R 9.0 
Cut 16.0L110-53=. 57 Cut 14.5 R 11.0-90= 2.0 
4g cut 2.8 4 cut 1.0 
4g base 10.0 44 base 10.0 
Offset 5.7 cut 18.5 Offset 2.0 cut 13.0 
Calls for 18.5-—16= 2.5 out Calls for 14.5—13.0= 1.5 in 
Uphill cut, go more Downhill cut, go less 
2d try 4.5 out 20.5L 2d try 1.2 in 13.3R 
Rod 20.5 L 4.1 Rod 13.3 R 8.7 
Cut 20.5L11.0—-4.1= 6.9 Cut 13.3R110-87= 23 
% cut 3.4 ¥g cut 1.2 
4g base 10.0 % base 10.0 
Offset 6.9 cut 20.3 L Offset 2.3 cut 13.5 
Slope stake 20.5L Slope stake 13.3R 
Cut 6.9 Cut 2.3 


Fig, 139. 
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fill. Slope stakes are set by a method of trial and error as 
outlined in the next paragraph and illustrated in Figs. 139 
and 140. 

A list of grades for the stations where the slope stakes are 
to be set must be available in the field. Beginning at the near- 
est benchmark, a line of levels is carried to the vicinity of the 
work and an H.I. is established from which the necessary sights 
can be taken. The work is continued according to the follow- 
ing steps (Note Figs. 139 and 140): 

1. Compute the grade rod. The grade rod is the rod reading 
that would be obtained from the existing H.I. if the foot of the 
rod were at grade. 


Grade rod = H.I.—grade (271) 


A minus value for the grade rod indicates that the rod would 
be held upside down. 
2. Find the depth of cut or fill at the center line. Take 
a rod reading at the center-line stake, and compute the center- 
line cut. 
Cut = grade rod—rod (272) 


A minus value indicates fill. 

The back of the center-line stake is marked with the value 
computed, cut being indicated by C and fill by F. 

It may be noted that, even on a fill section where the grade 
is above the instrument, the algebraic signs will operate 
properly. 

3. Have the rod held at the estimated offset for the slope 
stake. To make this estimate proceed as follows: 

(a) Compute the offset for the slope stake as if the ground 
were level. 


Offset = 4 base+slopeXcut or fill at edge of base 


Since the edge of the base is often level with the center 
of the base and the slope is often 14:1, this computation is 
usually made by adding % the cut or fill to the center cut or 
fill without regard to sign and then adding 4 the base. 

(b) Use the following rule. On uphill cuts or downhill fills, 
go more—on uphill fills and downhill cuts go less. 

By uphill is meant that the ground rises as the offset in- 
creases. The slope of a cut then must be extended beyond the 
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point necessary for level ground. The other possibilities may 
be similarly interpreted.y Accordingly, have the rod held 
at a somewhat greater or less offset than that for level ground 
according to the circumstances. 

4. Have the rod read, and compute the cut or fill at this 
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point, using the formula for cut previously given. 


5. Compute the required offset for this depth of cut or fill, 


using the formula for offset given previously. 


Slope 14:1. Base width, fills 18 ft 





Left Side 


H.1. 

Grade 

Grade rod 63.1—58.4 = 
Rod ¢ 

Cut ¢ 4.7-83= 

46 fill 

43 base 

Offset level ground 
Uphill fill, go less 

1st try 

Rod 13.0L 

Cut 13.0L 4.7 —5.8 

4g fill 

44 base 

Offset 1.1 fill 

Calls for 13.0 —10,7 = 
Uphill fill, go less 

2d try 1.8 in 

Rod 11.2L 

Cut 112L4.7-65= 
4s fill 

3g base 

Offset 1.8 fill 


Slope stake 
Fill 
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Right Side 
alt 54.4 
Grade 58.4 
Grade rod 54.4 — 58.4 =—4.0 
Cut ¢ —3.6 
Offset level ground 14.4 
Downhill fill, go more 
ist try 17.0R 
Rod 17.0R peel 
Cut 17.0R —4.0 -2.7 =-6.7 
% fill 3.4 
3g base 59:0) 
Offset 6.7 fill 19.1 
Calls for 19.1—17.0= 2.1 out 
Downhill fill, go more 
2d try 3.0 out 20.0R 
Rod 20.0R 13:3 
Cut 20.0R —4.0-3.3= —7.3 
3g fill 3.6 
4g base _9.0 
Offset 7.3 fill 19.9 
Slope stake 20.0R 
Fill 7.3 


Fre. 140. 
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6. Have the rod held at a second estimated offset for the 
slope stake. To make this estimate proceed as follows: 

(a) If the required offset, computed in step 5, is greater 
than the actual offset, move the rod further out, and vice 
versa. 

(6) The distance that the rod is moved should be equal to 
the difference between the two offsets modified by the rule 
for uphill cuts or downhill fills. ‘Go more’ indicates, ‘move 
a greater distance, either in or out as indicated.” 

7. Repeat steps 4 and 5. If the required offset agrees with 
the actual offset within 4 ft (or any desired limit), set the slope 
stake at the position of the rod. If the agreement is not close 
enough, repeat step 6, etc. 

8. Mark the slope stake with the station number, the actual 
offset, and the cut or fill. 
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259. Frequently the slope-stake notes are used for comput- 
ing the areas of the cross sections. When this is contemplated, 
auxiliary rod readings are taken at breaks in the ground profile. 
The cuts or fills at these points are computed from the grade 
rod and recorded in the same manner as the slope stakes. 

The areas of the cross sections should be computed directly 
from the cuts and fills rather than from the differences in 
elevation. 

If the cross sections are plotted, the base is drawn first 
according to the typical cross section, and the ground surface 
is plotted by measuring the cuts and fills from the base, not 
by plotting elevations. 

260. Complete field notes. Many engineers prefer to 
record, in addition to the usual slope-stake notes, the complete 
leveling notes involved. These serve as a permanent record 
of the actual elevations of the ground at the slope stakes and 
also as a check on the slope-stake notes. Cuts or fills are 
checked by the following formula: 


Cut = elevation—grade (278) 


Figure 141 shows this form of notes for the work of setting 
the slope stakes illustrated in Figs. 189 and 140. 
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261. Sidehill section. A section is so named when its 
base or roadbed is partly in cut and partly in fill. Set the rod 
at the grade-rod reading, and move the rod along the section 
until the grade point is found; note its distance from the 
center and set a stake there, marked 0.0, facing it downhill. 
Find and note other points as in the other cases, but observe 
that 3 base has different values in cut and fill and also that s 
may have two values, one for cut and one for fill. When the 
cut on the lower side is less than 1 ft, it is well to go beyond 
that stake and set.a grade stake, noting the distance out, 
thus changing a thorough cut into a sidehill section. 
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262. When two materials are found in the same section, 
as rock overlaid with earth, each material requires its own 
slope, and a compound section is the result. To stake out 
work of this description, the depth of the earth to the rock must 
be known and may be nearly ascertained by reference to an 
adjacent section already excavated (Fig. 142). 


Let b be the width of the base AB 
d be the depth at the center line CG 
a; be the depth of earth at C 
az be the depth of earth at P or Q 
s1 be the ratio of rock slope 
Sg be the ratio of earth slope 
Then, 
x = gb+81(d—ayty1) +52(a2+y2) (274) 


in which x = distance out; yi: = difference of rod readings on 
the rock at Ci and D;, or Ci and Ei; and ye = difference of 
rod readings on the surface at P and Dp, or at Q and Fo. 
The upper sign applies to the upper side; the lower sign to the 
lower. 

This is one of the instances where a formula makes a com- 
paratively simple matter appear difficult. 

It is better, however, to make an indefinite cross profile 
at first, driving two reference stakes quite beyond the section 
limits, and, when the contractor has removed the earth from 
between D,; and Fi, indicate to him those exact points by 
marks on the rock, and also set the slope stakes at De 
and Eo. 

263. Terminal sections. A grade stake is set on the 
center line where it passes from cut to fill and also on each of 
the base lines if the contour crosses the line obliquely, and a 
section is required at each to define the terminal pyramids. 
The grade stakes are located by trial on the ground, the grade- 
rod reading being used. Figure 148 illustrates this case, show- 
ing the roadbed in plan and the place of cross sections by 
dotted lines. The notes of these sections appear in the form 
of field book § 266 and an isometric view is shown in Figure 
147. 

As an aid in finding the points where the grade line crosses 
the roadbed both on the sides and at the center, the following 
method is sometimes used (Fig. 145). 
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Suppose the cut at station A is d; and the fill at C is dp. 
If the ground slopes unifgrmly between A and C, the change 
in elevation will be (dj+-dz). From B draw the line BG parallel 








Fria. 143, 


to the grade line CF. Then, from the similar triangles BED 


and BGA, 
Id, 


z= 
d\+d2 
A similar scheme may be used for the side points. The 
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final test is that the actual rod reading at D and the computed 
grade rod must agree. 

When an embankment ends at a trestle, the material takes 
its natural slope at the ends as well as at the sides (Fig. 144). 
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ABDE is the last cross section, but end stakes are to be set at 
H and K to define the end sections taken parallel to the center 
line. The amount of material in the terminal wedge and 
quarter-cones may then be computed and added to the rest 
of the earthwork. 


OTHER FIELD METHODS 


264. By equation based on ground slope. When the 
transverse slope is quite regular within the limits of the sec- 
tion, its slope ratio s’ may be ascertained and used to find 
approximately the distance to the required slope stake. This 
done in advance will save several trial computations on the 
way in case of a deep section, by whatever method the section 
may be staked out. For this purpose, find the depth BF at 
the edge of the base; then, in Fig. 138, 


BH = sh = s'(h—BF) 








from which 
sf 
h = ——BF 
s’—s 
and this, in equation 273, gives 
? 
2 = }b+——BF (275) 


which applies to the deep side in either cuts or fills. 
Similarly, for the shallow side, 
joneieat 
e = Pots AL (276) 

265. By use of the automatic rod and tape. In this 
method a specially constructed rod and a tape are neces- 
sary. 

Tape. “Take any linen tape graduated in feet and tenths, 
and beginning at the zero end lay off on the tape half the width 
of the proposed roadbed. If the roadbed is to be 20 ft wide, 
lay off 10 ft on the tape, then turn the tape over and on its 
blank side and directly opposite the 10-ft mark paint 0 with 
India ink. Beginning at this new 0 point make a series of 
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marks 1.5 tenths apart, if the side slopes of cuts are to be 1.5 
to 1; but, if the side slopes are 2 to 1, make the aforesaid 
graduation 2 tenths apart. Next paint over each mark its 
proper denomination, beginning at 0 and progressing exactly 
as any tape is graduated. Figure 146 shows the front face of 
the ordinary engineer’s linen tape and the rear face of the 
same tape graduated as just described. The graduations need 
be carried out only as far as the probable distance of any 
slope stake from the base line.”’ 

Rod. The rod is 10 ft long, shod at both ends as is an 
ordinary level rod, and dressed so as to leave a bead on each 
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side. A movable endless tape passes around the rod and is 
graduated in feet and tenths from 0 to 20 ft, the numbers 
extending progressively up the face of the rod. The 0 and 20 
coincide and are fastened together. Some form of index 
mark may be used to tell when the zero is at the bottom of 
the rod. A tape made of flexible steel will be more lasting 
than one made of interwoven material such as that in a cloth 
tape. 

Method of use. The fundamental principle in the use of the 
automatic rod and tape here described is exactly the same as 
that previously described where slope stakes are set using the 
“grade rod” as reference. 

As there noted, the grade rod is the difference between the 
height of instrument and the grade elevation. This simply 
means that, if the rod reading were equal to the grade rod, the 
bottom of the rod would be on grade, and there would be no 
cut or fill. 

First, take the case where the H.I. is above the grade ele- 
vation and in cut. Change the tape on the front of “auto- 
matic rod” so that the reading will correspond to the grade 
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rod for the particular setup of the instrument and the station 
in question. For instance, in a cut, suppose the grade rod is 
9.4 and the rod reading at center is 6.4. The cut will then 
be 9.4—6.4 = 3.0. If the 9.4 reading on the rod is moved 
so that it coincides with the line of collimation for the setup 
of the instrument, the grade elevation will be found 9.4 ft 
below this line. In this particular example the H.I. is 9.4 ft 
above the grade elevation, and the rod when held at the 
center is 6.0 above the grade, and, since the tape on the rod 
was set at 9.0, the rod reading would be 3.0 which is the 
center cut. 

To find the slope stake, move the rod to a point where it is 
estimated the slope stake should be, and take a reading. If 
this agrees with the reading on the automatic tape, the point 
is correct, but, if otherwise, move the rod nearer or farther 
from the center so that there is an agreement between rod 
reading and tape reading. 

In case of fill, the normal rod reading is larger than the 
grade rod. An example will illustrate the change from the 
work in cut. Suppose the grade rod is 5.0 and the center fill 
4.0. The rod reading at the center would be the sum of the 
two or 9.0. The tape on the automatic rod should be set so 
that, if the rod were held at the grade elevation, the reading 
would be 5.0 and, when the rod is held at the center point of 
the station in question, the reading would be 9.0. Move the 
tape to accomplish this. 

Tt is to be here noted that different tapes must be used for cut 
and for fill, each with zero starting at the particular 4b. 

Second. Where the H.I. is below grade (only possible in 
fill) the grade rod is numerically negative, and the tape on the 
level rod is lowered by the value of the grade rod. Otherwise 
the method of procedure is the same as when H.I. is above the 
grade. 

266. Form of field book. A complete record of all cross- 
section work is kept in the cross-section book. On the left- 
hand page are recorded, in the first column, the numbers of 
the stations and other points where sections are taken; in 
the second, the + sights (or B.S’s); in the third, the height of 
- instrument (H.I.); in the fourth, the — sights (or F.S’s); in the 
fifth, the elevations of the stations; and in the sizth, the eleva- 


264 CROSS SECTIONS [Ca X 


tion of the grade for the same points. Sometimes a new line 
of levels is carried along with the slope staking, but, if the loca- 
tion levels are carefully checked, this is sometimes considered 
unnecessary. The above form provides for either method. 
The grade rod may be inserted in some convenient place, in the 
second column with a parenthesis. A record should also be 
made of the slope ratio s and the width of the base b. The 
right-hand page has a central column, in which, and opposite 
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the number of the station, is recorded the center depth of the 
section, marked + for cut or — for fill, to indicate cut or fill, 
as the case may require. To the right of this are recorded the 
notes of that portion of the section which lies on the right of 
the center line, as the line was run, and to the left, the notes 
of the left side. The distance from the center to each point 
noted is recorded as the numerator of a fraction, and the cut 
or fill at the point as the denominator prefixed by a + or —, 
as the case may require. The denominator for a grade point . 
is zero. The several points are noted in order as they occur 
from the center outwards; the notes farthest from the center 
of the page usually appertain to the slope stakes; but in case 
the cross profile is extended beyond the slope stake, the note 
of the latter should be surrounded by a circle to distinguish it. 
The following form is a specimen of a right-hand page, with 
the first column only of the left-hand page. It is the notes for 
Figures 143 and 147. 
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CHAPTER XI 


CALCULATION OF EARTHWORK 


267. The principles involved. 

A prismoid is a solid having plane parallel bases or ends, 
and bounded on the sides either by planes, or by such sur- 
faces as may be generated by a right line moving continuously 
along the edges of the bases as directrices. The bases do not 
need the same number of sides. 

Wedges and pyramids are special forms of prismoids. 

Except for minor ground irregularities which tend to cancel 
each other, the solid between two consecutive cross sections 
on a tangent is usually a prismoid, the cross sections forming 
the two bases, and the ground surface and the surface of the 
earthwork forming the sides. 

The volume of any prismoid can be precisely computed 
by the prismoidal formula, § 275. As the prismoidal formula 
is somewhat awkward to use, an approximate formula called 
the mean-area formula or the end-area formula is usually 
employed, § 275. Both formulas are based on the dimensions 
of the cross sections and the distances between them. On 
curves the volumes are first computed as for straight align- 
ment and then corrected according to § 278. 

The positions of the cross sections must have been so selected 
that the solid included between any two consecutive sections 
may be a prismoid as nearly as possible. On a tangent the 
roadbed and side slopes are planes, so that the prismoidal 
character of a given solid depends on the shape of the natural 
surface. When the natural surface is a plane, the sections are 
taken only at the regular stations, 100 ft apart. When it is 
curved, warped, irregular, or broken, the sections must be 
more numerous, so that the surface limited by any two shall 
be composed substantially of right-lined elements extending 
from one section to the other. 

266 
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If two end sections of a prismoid are somewhat similar, 
we infer that the corresponding points are connected by right- 
lined elements, forming in each case the axis of a ridge or of 
a hollow. If one section has less breaks than the next, some 
of these ridges or hollows must vanish; and, in order that the 
solid may be a prismoid, they must vanish in the section of 
least breaks; therefore, a cross section must be taken on the 
ground through the point where each ridge or hollow vanishes, 
and the distance of that point from the center line noted, so 
that it may be coupled with the proper point in the next 
section for exact calculation of content. 

When ridges or hollows run diagonally across the line of 
road, cross sections must be taken where they are intersected 
not only by the center line, but also by the side slopes; that 
is, sections must be taken so that a side stake may stand on 
top of each ridge and at the bottom of each hollow. In case 
the center line intersects at right angles a retaining wall or 
other vertical surface, two cross sections are required at the 
same point, one at top and the other at base of wall, in order 
to furnish the data necessary for calculating the content each 
way from the vertical surface. (See Chapter X.) 

Every thorough cut terminates in a sidehill cutting, a 
pyramid, or a wedge; the last happens only when the contour 
of the natural surface is at right angles to the line of road. 
Sections should always be taken through the points where the 
edges of the roadbed meet the surface, as these are the points 
of separation between thorough and sidehill work. An illus- 
tration of such a case is given in Fig. 147. This sketch con- 
forms to the notes taken in § 266. In sidehill work the fore- 
going rules apply as well, but sections will generally be more 
numerous than in thorough cuts. The same rules apply also 
to embankment, but, as grading is preferably paid for in 
excavation, the same precision in determining the quantities 
in embankment is not usually necessary. 

268. Methods of computing the areas of cross sections. 
It is evident that the first step in computing the volumes is to » 
compute the areas of the cross sections. This is accomplished 
by one of the following methods: 

1. By dividing the cross section into triangles. There are 
several methods of arranging the triangles. The dimensions 
of the triangles are usually scaled from the plotted cross sec- 
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tions. If the sections were taken during the process of slope 
staking, the field notes.can be used directly without neces- 
sarily plotting the cross Sections. The use of triangles is fully 
described in this chapter. 

2. By stripping. This method is especially applicable to the 
wide shallow sections found in highway earthwork. To com- 
pute the area by stripping proceed as follows (Fig. 148): 

Divide the plotted cross section by a series of equally spaced 
vertical lines, 2 to 8 ft apart. Measure the height of the 





Fig. 148, 


center line of each vertical strip. Find the sum of these heights 
in feet, and multiply by the width of one section to obtain the 
area. 

This can best be accomplished as follows: Prepare a long 
strip of paper about 4 in. wide. Make a pencil mark at the 
edge near one end. Place the paper so that the edge lies along 
the center line of the first strip with the pencil mark even with 
the lower end of the center line (position a). Mark the strip 
of paper at the upper end of the center line. Move the strip 
of paper so that the second mark coincides with the lower end 
of the second center line (position 6). Mark the paper at the 
upper end of the second center line. Continue this process 
until the length of the sum of all the center lines has been 
marked off. This length is then placed on a scale which has 
been previously laid out (usually on the cross-section paper) 
so that it reads directly in square feet according to the width 
selected for the vertical sections. 

3. By planimeter. Areas of cross sections are often deter- 
mined by planimeter for estimates or for checking areas deter- 
mined by other. methods. The instrument should never be 
employed alone for results to be used as a basis for payment. 
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269. Formulas for sectional areas. 
Let 06 = base of section or width of roadbed 


‘ horizontal 
s'= slope ratio ='-———_— 
vertical 
d = depth at center stake 
h, k = depths at side stakes 
m,n = horizontal distances from center to side stakes 





E C D 
Z 
| 
\ ! 
| ! 
Nate? cede Sa ee | 
N A G B H\ 
Fie. 149. 


For ground level transversely, the section is a trapezoid and 
the area is (Fig. 149): 


A = bd+sd? (277) 
or, directly from the field notes, 
A =3(b+m-+n)d (278) 





Fie, 150. 


For ground of uniform transverse slope between slope stakes 
(Fig. 150) the section consists of the trapezoid ABOE and the 


triangle HOD. Hence, 
A = 4(AB+E0)EN+3EH0(DH —EN) 
A = 3(AB-EN+E0-DH) 


A = 4[bh+k(0+2sh)] 
A raises ba a 


or 
Also, 
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from which, also, 
Boks "a | 

ae A =elh ba 


280 
A = gbk-+nh Can 


These formulas are independent of the center depth. They 
are convenient for calculating the area of a plotted section 
having an irregular surface after the surface line has been 
averaged by stretching a silk thread over it. The points 
where the thread intersects the slope lines determine the 
values of h, k, m, and n, respectively. 





Fia. 151. 


270. Three-level section (Fig. 151). If in the diagram 
we draw HG and DG, the section will be divided into four tri- 
angles, two having the common base CG = d and respective 
heights GN =m and GH =n, and two having the equal 
bases AG = GB = $b and the respective heights EN = h and 
DH =k. Hence, we have, for the area of section, 


= 5d(m+n)+70(h+h) (281) 


Otherwise, if the slope lines are produced to meet below 
grade at P, then GP = AG/s = b/2s. The area of CEPD is 
3CPXNH = 3(d+b/2s)(m+n). The area of ABP is AGX 
GP = b"/4s. Hence, we have, for the area of the section, 


b b? 
=} — 282 
A =3(d+5)omtn)—2 (282) 
Both these formulas are convenient, and, as the values of 


the several letters can be substituted directly from the field 
notes, it is unnecessary to plot such sections. 
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The triangle ABP is called the grade triangle. Computation 
by equation 282 is somewhat more rapid than by equation 281, 
since b/2s and b?/4s are constants for the same base and side 
slope. 

271. Five-level section. Where elevations are taken at 
points immediately above A and B, in Fig. 151, in addition to 
those at C, D, and E, the section is called five-level. The area 
may be found as explained for Fig. 152. 

272. Irregular section. When the surface of the ground 
is irregular, the plotted section may be divided into trape- 





A 28’ base B 
Fia. 152. 


zoids by verticals drawn through the surface breaks and at 
the slope stakes. The area of the section is then the sum of 
‘the areas of these trapezoids less that of the two outside tri- 
angles (Fig. 152). 

Or the section may be further divided into triangles, one 
vertical line serving as the base of two triangles which are 
computed in pairs. From the sum of all the areas it may or 
may not be necessary to deduct the area of one or both of the 
outside triangles. With cither of these methods the dimen- 
sions used are taken directly from the field notes, and many 
times it is not necessary to plot the section. 

Sometimes this method is called cross multiplication for the 
following reason. If to the original field notes (shown in the 
figure), a notation is added for point A and for point B and 
the notations are listed clockwise around the figure beginning 
with point A, there results 

La at lsS918: HEOig 6.0 Opie septal pa08 Bagi 
0°°9.4 -11.0°°9.2 10.4 9.0 10.8 O 

From this it is possible to make the computation by the 

following rule. Multiply each denominator by the difference 
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of the two adjacent numerators, always subtracting the 
numerator which is nearegt, in position on the list, to the 
numerator zero. The two numerators adjacent to zero must 
be added. The algebraic sum of these products divided by ' 
2 is the area. For example, designating each triangle by the 
number given on its altitude in the figure, the area is computed 
as follows: 


Triangle: 

1 9.4(14.0—18.0) = 9.4(—4.0) = — 37.6 

2 11.0(28.1— 6.0) = 11.0( 22.1) = 4243.1 

3 9.2118.0— 0 ) = 9.2( 18.0) = +165.6 

4 10.4¢6.0+ 7.7) = 10.4( 18.7):= +142.5 
5* 9.0(80.2— 0 ) =. 9.0( 30.2) = +271.8 

6 10.814 — 7.7) = 10.8( 6.3) = + 68.0 
853.4 

+2 = 426.7 


But when the breaks are numerous the number of parts to 
be calculated may be greatly reduced by the use of one or 
more averaging lines stretched over the surface line of the 
plotted section and noting the points where they intersect 
the center line and the side lines. Such points then govern 
the section in place of the original notes, and the section is 
thus graphically reduced to a two-level or three-level section, 
as the case may require, with the same ultimate results in 
area or solidity. 

273. Sidehill sections. Jn sidehill work, the section may 
also be divided into triangles and the area found as with 
irregular sections. 

274. Valuation work. In work on state or Federal val- 
uation of existing railways, it is often necessary to estimate 
volumes where the original profiles and notes of the cross 
section have been either lost or destroyed. Under such con- 
ditions, the side heights h and k, together with the width of 
roadbed b, and the slope ratio s, are obtained from direct 


* Triangle 5 is best visualized if one assumes two triangles of which 
line 5 is the common base. Their combined areas would then be the sum 
of their altitudes 30.2. multiplied by their common base 9.0 (and later 
divided by two). 
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measurements in the field. No information as to the con- 
dition of the original surface is available, and, consequently, 
it is considered as sloping uniformly between slope stakes. 
When the existing roadbed is level, equations 279 or 280 will 
apply. If the roadbed is not level transversely, the most 
satisfactory method is to use a level line at the top of rail or 
at the top of tie as a reference line. The area between this 
level line and the line joining the slope stakes may then be 
found, and the resultant area obtained by adding or sub- 
tracting the proper amounts for subgrade level. 

275. Volumes of solids. The volume of a solid may be 
found either by the mean-area formula or by the prismoidal for- 
mula: The former does not, in general, give the true volume, 
whereas the latter does. 

The mean-area formula is 


Ll (A+<A’ 
ee a cu yd) (283) 
where S = the volume in cubic yards between two adjacent 
sections, / = the length in feet, A and A’ = the areas at the 
two parallel ends in sq ft. 

Equation 283 may also be expressed as 


g= AM Ald 

he) 272 

This is based on the assumption that each area extends a 
distance of 41. 

Equation 283, when applied to a series of equally spaced 
cross sections, can be written as follows: 


A Ay 
8 = ah(F+42t---+4e-n4+5*) 


This indicates that the result of applying the mean-area — 
formula to successive stations will give a value equivalent to 
that which would occur if each area continued unchanged in 
each direction halfway towards the next station. 

When the length between adjacent cross sections is less than 
the standard distance, the mean-area volume can be obtained 
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by multiplying each area by the sum of half the distances to 
the adjacent sections. 

For example, if a fill extended from a flat bridge abutment 
at station 20 to a flat bridge abutment at station 25, and the 


20 21 22 23 24 25 





Fig. 153. 


sections and their locations were as given below, the resulting 
volume computation would be the following (Fig. 153): 


Area, sq ft Station Computation of cu yd 
200 20 200X 50+27 
300 21 300 X 100 + 27 
250 22 250X 70+27 
500 22+40 500X 50+27 
350 350X 80+27 
220 24 220 X 100 +27 
200 25 200X 50+27 


The prismoidal formula is 


, 

= a4 +4M -+-A’)(in cu yd) (284) 
where M = the area of a section midway between the ends, 
and the others are as before. This area is not a mean of the 
other two, but the linear dimensions of the mid-section are 
means of the corresponding dimensions of the end Sections; 
from which, therefore, the area of the mid-section’ may be 
computed. 

Computation of volumes. The labor of calculating the 
prismoidal volumes may, in most instances, be lessened by 
first using equation 283 and then applying a correction, called 
the prismoidal correction. The result will be the same as 
if equation 284 were used. These correction formulas will 
now be found. 

276. Prismoidal correction formulas. Let C = the 
difference between results in computing the contents of a 
solid by mean areas and by the prismoidal formula. 
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Then, 
C =Sz—Sp (285) 
where 
Sz = the mean area volume 
and 


Sp = the prismoidal volume 


Subtracting equation 284 from equation 283 yields 


eet M +A’ 
3x yt —2M-+A’) (286) 


which is the general formula for the prismoidal correction. 

Equation 286 should never be applied to equation 283 in 
the form given, but its modifications, equations 287 and 289, 
are used. 





Fie. 154. 


Triangular section (Fig. 154). When the bases of a solid 


are triangles, A = 3wk; A’ = Su’k’; and 


ws (H)(%)] 


Substituting these quantities in equation 286 and collecting 
terms give 





Stow or (k—k’) (287) 


This formula might be called the basic one for prismoidal 
corrections. 
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The prismoidal volume may in this case be obtained directly 
from equation 284 rather\than by use of equations 283 and 
287. By substituting in equation 284 the values of A, A’, 
and M just found, and collecting terms, we get 


Sp = 12x plow tw )k+(2w’+w)k’] 


Three-level section. A solid whose bases are three-level 
sections may be divided into triangular prisms, and the mean- 
area, volume of each prism found. For the prismoidal correc- 
tions, equation 287 may be applied to each triangular 
prism. 

In Fig. 151, the correction for the triangular prisms be- 
tween AGE, BGD and similar triangles at the second station 
will be zero, since w and w’ are equal. The correction for 
the two triangular prisms bounded by GEC, GDC and similar 
triangles at the second station will be 


l tr 
Taxg7 4 -OM—-2) 
and 


ore oer) 


or, for the part EGDC, it will be 


oa mai a’) [(m-+-n) —(m' +n’)] (288) 


If (m+n) is designated by D, and (m-+n’) by D’ this becomes 





-soy d’)(D—D’) (289) 


Again by substituting the values of A, A’, and M from 
equation 282 in equation 286, the same result could be ob- 
tained. 

When C’ as found from equation 289 is positive, it signifies 
that Sg is larger than Sp, and vice versa. Equation 285 may 
be written Sp = Sg—C. 
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A general rule may be formulated as follows: 

The prismoidal correction, 7 general, is to be subtracted from 
a volume computed by the mean-area method. The only excep- 
tion occurs when, in the end sections, the greater center depth 
zs combined with a smaller distance between slope stakes. This 
is a case of rare occurrence, but one which changes the sign of 
one factor in equation 289 and, therefore, of C. .C is then to 
be added. 

277. Application of the prismoidal correction. In 
the case of three-level sections, or with wedges, the data from 
the field notes are applied directly in equation 289. 





Fig. 155. 


Passing from cut to fill, Figures 155 and 156 approxi- 
mately illustrate part of the notes given in § 266. 

The volumes between stations 10+49 and 10+76 are rep- 
resented in Fig. 155. The solid B’CBD is a triangular pyra- 
mid, the volume of which is equal to one third the product 
of the area of the base and altitude divided by 27, and the 
prismoidal correction is zero. The correction for the solid 
A’B"C'E'EAC, as found from equation 288, is 


\ 


C = tax0a7 





(d—0)[(m +n) —(m’-+0)] 


Sidehill work. Between stations 10+76 and 11 (Fig. 156) 
there is a triangular prism on the left (omitting from considera- 
tion the reading at the point 7 ft from the center) and a pris- 
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moid on the right. The correction for this prism is given by 
equation 287. The prisnpoidal correction for the prismoid on 
the right is found from equation 288, which gives 


at 
~ 12X27 


(0—d’)[(w+0) —(@’+6'L)] 


The sign of C in this equation will be positive, thus showing 
that the order in which the sections are taken is immaterial. 





Irregular sections. The volume between two irregular sec- 
tions may be found either by the prismoidal formula or by 
the mean-area formula. In the latter case, there are several 
approximate ways of determining the prismoidal correction. 
The two in greatest favor are: 

1. When the ground is only slightly irregular, neglect the 
intermediate points and, for the correction, treat the sections 
as three-level. 

2. Plot the sections on cross-section paper, and draw lines 
which will form an approximation to the three-level sections. 
Find d and D for each section and use equation 289. 

The first method will, in general, give results sufficiently 
close. Personal preference governs largely the choice of other 
methods. 

#78. Correction of earthwork for curvature. The pre- 
ceding calculations are based on the assumption that the 
center line is straight, with cross sections at right angles to 
it. When an excavation is on a curve, the cross sections, 
being in radial planes, are inclined to each other, so that the 
condition of a prismoid is not exactly fulfilled. But by the 
property of Guldinus, if any plane area is made to revolve 
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about an axis in the same plane, the volume of a solid gen- 
erated by the area is equal to that of a prism having a base 
equal to the given area and a height equal to the length of 
path described by the center of gravity of the area. The path, 
being the arc of a circle, is proportional to the radius drawn 
to the center of gravity. If therefore a cross section is sym- 
metrical with respect to the center line, the path of the center 
of gravity is equal to the measured length of the center line, 
and no correction for curvature is required. 

But, when the ground is inclined transversely, the center 
of gravity is one side of the center line, and its path, if we 
conceive it to sweep around the curve, from one end of a pris- 
moid to the other, is longer or shorter than the distance 
measured on the center line, according as the center of gravity 
is outside or inside the center-line curve. 


Let C = correction in cubic yards due to curvature 
S = cubic yards as obtained by prismoidal formula 
R = radius of center line 
e = eccentricity of center of gravity of section = 
horizontal distance from center line to center of 


gravity. 
We then have the proportion, 
S2C:S::Rare:k 
Se 
=— 2 
R (290) 


As the sections of a solid are seldom similar and equal, 
we shall usually have a different value of ¢ for every section, 
from which, however, a mean average value may be deduced, 
and used in the preceding formula. But it will be more con- 
venient to correct the areas themselves for eccentricity before 
finding S, which will then require no correction. For the same 
result will ensue whether we multiply S by ¢/F or one of the 
component factors of S by the same ratio. 

If, then, c = correction of area in square feet to eccen- 
tricity, we have, at once, 
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and the corrected area equals A-kc, according as the cut is 
deeper on the outside oNinside of the curve. Each area used 
in determining the solid contents should, on a curve, be first 
corrected in this manner. 

To find the value of e for any three-level section (Fig. 157). 

Find the areas either side of the center line separately, 
calling that on the left side H and that on the right K, and 
take their sum and difference. Using the same notation as 





in § 269 and partially given in Fig. 157, H = 4md+41oh, 
K = $nd+1bk, and H+K = A. 


K—-H = 3d(n—m)+1b(k—h) 


In the figure draw CE’ equal to CE, and the triangle CE’D 
will represent the area (K—H). Bisect the side E’D, and 
draw a line from C to the middle point. Then, the center of 
gravity of the triangle will be on this line at two-thirds its 
length from C, and the horizontal distance of the center of 
gravity from C is $X3(m+n) =4+(m+n). The center of 
gravity of the remainder of the section is on the center line 
CG, so that the value of e is found from the proportion: 


e:a(n+m)::K—H:A 








n-+m 
°F Sea Mt ate 
Hence, “ : 
Sr ee iyi 
€ R 3R [gd(n m) +4b(k—h)] (291) 
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Sections which are more irregular may be plotted and re- 
duced by averaging lines to three-level sections, in order that 
the formula may be applied. If the ground is so irregular 
as to require the computation of the middle section, the cor- 
rection c should be found and applied to this area (M) also 
before introducing it into the prismoidal formula. As the 
correction for curvature is always relatively small, it is usually 
ignored in practice for thorough cuts, except where deep 
cuttings with steep transverse slope occur on sharp curves. 





Fre. 158. 


The correction is of more importance relatively in sidehill 
work as the center of gravity of the section is more remote 
from the center line. Let the section be reduced to a triangle 
by an averaging line (Fig. 158) and w be the base of the 
triangle formed by the averaging line. The center of gravity 
is at one-third the horizontal distance from the middle point 
of w to the side stake D, while the distance of this middle 
point from the center stake C is evidently 3)—4u. 





Hence, 
e = 3b—2w+3ln—(3b—3u)] 
or 
e = 3(b+n—v) 
and 
Ae b+n-—w_wk 
c= R 3k x 5 (292) 


The correction c will be plus or minus as before explained. 
This formula applies to all sidehill triangular sections, whether 
there be cut or fill at the center stake. 
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Example 1. Thorough cut; base 20; slopes 13:1. 


x 
1 = 100; 8° curve, left; R = 716.78 


Notes. 
16 58 
A-—-+12—— 
oh 1 +32 
13 40 
1GESie ES cate 
+21 "$20 
Then, 


= 3X58 X12+}X20X32 = 508 


H = X16X12+3X20X 4=116 ..A = 624 
K-H= 392 


16+58 
E ion 291: SS = 13.4 
quation 29 c 3X716.78 9 





(A+c) =637.49 
K’ = $X40X8+4X20X20 = 260 


H’ = $X18X8+1X20X 2= 62 «.A’ = 322 
K-H = 198 


13+40 
ie SPs gee 
° = 3x71678.° poi 





(A’-+c’) = 326.87 
from which we obtain S = 1758 cuyd. Ans. 


Without correction we have 1726 cu yd, 


showing a difference of 32 cu yd. 

Had the curve been to the right with same notes, c would 
have been minus, and S would = 1694. 

Example 2. Sidehill cut; base 20; slopes 14:1. 


l= 60; 10° curve, right; R = 573.69 
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Notes. 
6 40 
=d a2 
0 HF +20 
2 37 
—0.8 —_— — 
To +18 


A= 4(2.8)(6+40) + (20) = 164.4 





20+40—16 
Equation 292: = ——— 1644 = ; 
ae °* 3X573.69 als 
(A—c) = 160.22 
A’ =4X8X18 = 72 
204378 
/ Sag eee ID 2.0: 
© * 3X573.69 os 





(A’—o) = 69.95 


Hence, 
S = 250.0 cu yd 


Without correction S would = 257 cuyd 


Difference 7 cuyd 


279. Any isolated mass of rock or earth which occurs 
within the limits of the slope stakes, but not included in the 
regular notes, is separately measured and noted, so that its 
contents may be computed and added to the sum of the same 
material found in the cross sections. 

This applies not only to a quantity of material of appre- 
ciable volume but also to large loose boulders. The yolume 
of a boulder is obtained from its approximate dimensions, 
and, if it is one cubic yard or more, it is usually paid for as 
rock excavation. 

280. Borrow pits. When the excavations will not suffice 
to complete the embankments, material may be taken from 
other localities, termed borrow pits. These should be staked 
out by the engineer and their contents calculated, unless the 
contractor is to be paid for work by embankment measure- 
ments. When material is paid for in its original position in 
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the borrow pit, arguments over shrinkage are avoided. A 
number of cross profiles are taken of the original surface, and 
(on the same lines) of the bottom of the pit after it is exca- 
vated, which furnish the depth of cutting at each required 
point. Borrow pits should be regularly excavated so that 
they may not present an unsightly appearance when aban- 
doned. Borrow pits may be avoided by widening the cut 
uniformly at the time it is staked out, so that it may furnish 
sufficient material, provided the material is suitable, the em- 
bankment accessible, and the distance not too great. When 
the excavation is in excess, the surplus matefial should be 
uniformly distributed by widening the adjacent embankments, 
if possible; otherwise it is deposited at convenient places indi- 
cated by the engineer and is said to be wasted. 

281. Vertical prisms. Material excavated from borrow 
pits may be measured also by first staking off the field into 
rectangles of suitable size and taking the elevation of surface 
at every stake. If convenient, some triangles may be laid 
out where boundaries are oblique. All lines should be care- 
fully referenced. After excavation, the intersections are re- 
located and their elevations taken, the difference in elevation 
being the depth of cut at each point. Thus, the entire mass 
is subdivided into vertical prisms, 
truncated or otherwise, the cubic 
contents of which may be easily 
computed. To facilitate the reduc- 
tion to cubic yards it is customary to 
choose such dimensions as will make 
the area of each prism base some 
multiple of 27 sq ft. 

The proper size of rectangle to be 
used depends on the natural surface 
which should give practically right 
lines to prism ends. Shallow work 
calls for larger rectangles because so 

Fie. 159. soon excavated. 

282. To find the volume of a trun- 
cated triangular prism, whose horizontal section is a triangle of 
gwen area A (Fig. 159). 

Let hi, he, and hg denote the heights AD, BG, and CH. 

Through the lowest point D of the upper face, draw a 
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horizontal plane DEF, cutting off the pyramid DEGHF, 
whose base is a trapezoid, and whose altitude is the perpen- 
dicular distance from D to FE and designated by a. 

The volume of the pyramid DEGHF, 


4aXFEGH = 4aX}(EG+FH)FE = 3A(EG+FH) 


since 
taXFE =A 


By geometry, the volume of a prism, not truncated = 
Ah = Ah, in this case. The volume of the truncated prism 
ABCDGH = the sum of the two parts 


= Ah +4A(EG+FH) 
= AXE +(u +EG) +(u+FH)] 


or, in cubic yards, 
iF hi the+hs 


= 2 
a7 ts a 


283. To find the volume of a truncated rectangular prism, 
whose horizontal section is a rectangle of area A (Fig. 160). 


G 





Fia. 160. 


The end-area formula gives the correct cubic content, since 
in this figure the prismoidal correction is zero, provided that 
the top and bottom ends, whether plane or warped, are 
bounded by right lines. 
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Let the heights AE, BF, CG, and DH be represented by 
hi, he, hg and h4, and thearea ABCD by A. 

Now the figures ADHE and BCGF may be considered as 
bases of the solid with the altitude as AB = DC. 

The mean-area volume: 


me AB (area ADHE-+ area BCGF) 
ra 2X27 


1 AB hiths ho+hs 
ek 2 )av+( 2 )ac | 
1 AB 

47 (atheths ths) BC 


S 


2 

~ 4° 87 
but 

ABXBC =A 


Afhit+heth3t+ha 
ee 5(-ae ) (294) 


284. Method by unit areas. When a number of prisms 
contiguous to each other have the same horizontal section ‘Al, 
their total cubic content may be obtained by a single formula. 
For, since by equation 294 the four-corner depths of a prism 
are to be added together, it is evident that the depth at any 





Fra. 161. 
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corner whatever will be taken into account as many times as 
the number of rectangles which meet at that point. 

Thus, in Fig. 161 the depths at the corners ay, bi, ce, ds, 
etc., enter into the volume of one prism only; whereas those 
at a2, a3, a4, etc., affect two prisms each; and those at be, cz, 
da, etc., affect three prisms each, and so on. 

Therefore, if we let s; = the sum of all depths used but 
once, ss = the sum of all depths used twice, s3 = the sum of 
all depths used three times, and s, = the sum of all depths 
used four times, we shall have, for the total content of all 
prisms considered, 


81 +2s9+383+4s4 
Stotal = sieht Es agath 27 (295) 


Marginal masses, not included in this system, must be meas- 
ured and computed separately. 

285. The foregoing method of prisms is not well adapted 
to steep hillsides or bluff banks from which material is to be 
borrowed. In such cases, if the pit is apart from the road, a 
base line is staked out in the general direction of the contour, 
and frequent cross sections are taken to define the shape of 
the pit before and after excavation. 

If the needed material is to be taken from the regular cuts, 
the regular cross sections are extended beyond the slope stakes, 
other stakes are set to mark the limit of the pit, and the quanti- 
ties are computed in the usual manner. 

But, if the roadbed consists of a long shallow embankment 
made of material scraped up at random from either side, the 
quantities should be measured and paid for in the finished fill, 
under the terms of the contract, without reference to the 
borrow pits. 


CHAPTER XII 
EARTHWORK TABLES 


286. The labor involved in the calculation of earthwork 
may be greatly reduced by the use of earthwork tables. 

The common forms of tables are those for level sections, 
three-level sections, triangular prisms, and prismoidal cor- 
rections. 

287. Level sections. For purposes of preliminary esti- 
mates, tables computed on the assumption that the ground 
is level transversely are quite sufficient. The volume of any 
one solid may be greatly in error, but it is surprising how 
nearly the total of the preliminary volumes on an extended 
line will compare with the final volumes obtained after cross- 
sectioning. The center cut or fill is taken from the profile. 

The area of a level section is expressed by equation 277 
which is 

A = bd+sd? 


The volume in cubic yards for a length of 100 ft is 
100 
= — ? 
37 (bd-+sd?) (296) 


Table XXX was computed by this formula with such values 
of b and s as are in common use. 

A section affects the volumes for 50 ft each side of itself. 
For preliminary estimates, the volumes may remain as taken 
from the table, in which case, where there are whole stations, 
the volume extends from plus 50 to plus 50. In the construc- 
tion of the mass diagram (see Chapter XIV) the volume for a 
50-ft length should be added to that for a preceding 50-ft 
length, and again to a succeeding 50-ft length, in order to 
give the amounts between adjacent whole stations. For sub- 
stations the proper percentage is taken. 

288 
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288. Tables of triangular prisms. The volume of a 
triangular prism is equal to the product of the area of the 
base and the altitude, or 


l 
fa ty Ba io (297) 


where w and a are the base and altitude of the triangular sec- 
tion, and / is the altitude of the prism. 
For a 50-ft length this equation becomes 
50 


So Pras (298) 


Table XX XI has been computed from equation 298 for 
different values of w and a. In this table w is considered as 
“width” and a as “height,” but these terms may be used inter- 
changeably when convenient, since the product is the same. 

The volume of any solid which can be divided into triangular 
prisms may be found from this table. 

289. Tables of three-level sections. The area of a three- 
level section may be found by the two methods given in § 270. 
In the first method the section is divided into four triangles. 
The volume in cubic yards for prisms of length 50 ft will be 


_ 50 50, 
Sz = pq tn) bh +k) (299) 


It is to be noted that the terms on the right-hand side of 
this equation are similar to equation 298 for the volume of a 
triangular prism. Consequently Table XX XI may be used 
for the products of the parts and the constant 24. 

In the second method of § 270, the area is made up of two 
triangles minus the grade triangle. The volume for length 
50 will be 
50 b? 


5A Ds (300) 


50 b 
Sz - Z (ats, mtn) 

Table XXXI, Triangular Prisms, is also used for this 
method. 

Extension of level-section table. Where the center cuts and 
fills are taken from the profile for a preliminary estimate 
and the quantities obtained from Table XXX, these may 
be corrected by use of Table XX XI after the cross sections 
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have been taken, which give the side heights. These cor- 
rections are illustrated by the triangular prisms with bases 
DCD’ and CEE’ in Fig. 162. The base of each triangle is 
equal to $b+sd, and the altitudes of the triangles are the dif- 
ferences between the center height and each side height. If 
a side height is less than the center height, the correction is to 
be subtracted, and, if greater, added. The products of the 
bases and altitudes of the triangles and the constant 2¢ give 
the correct volumes on each side. 





Fie. 162. 


It should be noted that Table XXXI is for 50-ft lengths, 
whereas Table XXX is for 100-ft lengths. 

290. Tables for irregular sections. A table of triangular 
prisms is suitable for finding the volumes of earthwork solids 
with irregular sections for bases. The sections may be divided 
into triangles as in Fig. 163, and the bases and altitudes of 
each triangle found. Equation 298 applies to each partial 
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volume, and the total volume is the sum of the parts. Table 
XXX is available for this work. 

291. Prismoidal correction table. Where the mean-area 
formula is used for finding the volume of a solid, as with the 
tables described previously, the prismoidal correction must 
be applied to give the true volume. Equation 289 gives the 
value of this correction. For a distance between sections of 
100 ft and for the result in cubic yards, this equation becomes 


1 v r 
= 30474 )(D—D’) (301) 
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Table XXXII has been computed from this equation for 
different values of (d—d’) and (D—D’). The correction -is 
applied as explained in §§ 276 and 277. 

292. Example. Use of Tables XX XI and XXXII. 

Notes. 

21.0 19.2 


—~ +7.3  — 
+8.0 +6.8 
17.1 15.0 


Sta. 3 


6 =18,°s =1 


N|H 


to l 


The plus sign merely indicates cut and is not considered 
in the computations. 

First, by the method based on equation 299. 

For station 2, 


d=4.5; m+n =82.1; 36=9.0; and Atk =9,4 


From Table XXXI, 
Opposite height 4.5 under 3 take 10X12.500 = 125.000 
2 1X 8.333 = 8.333 
1 vox 4.167 = 0.417 
Opposite height 9.4 9 1X78 .333 = 78.333 





212.083 


Total volume for length of 50 ft 
For station 38, 


d = 7.3; m+n = 40.2; 4b=9.0; and h+k = 148 
From Table XXXI, 


Opposite height 7.3 under 4 take 10 27.037 = 270.370 
2 wo X 13.519 1.352 
Opposite height 14.8 9 1X123.333 = 123.333 


ll 





Total volume for length of 50 ft = 395.055 


The quantities may be obtained from the tables somewhat 
more easily by not strictly adhering to the terms “height? 
and “width.” 
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Consequently, the mean-area volume between stations 2 


and 3 is x 
Sz = 212.083+395.055 = 607.138 


The value of C may be found from Table XXXII, which is 
based on equation 301: 
Now, 
d—d' =28 and D—-D’ = 8.1 
and 


1 
—— X2.8X8.1 = 7.000 
3.94°° x8 7 


Sp = Sz—C = 607.139—7.000 = 600.139 


Second, by the method based on equation 300: 
Now, 


For station 2, 
b 


dro, =10.5 and m+n = 32.1 


From Table XXXI, 


Opposite height 10.5 under 3 take 10X29.167 = 291.670 
2 1X19.444 19.444 
i poX 9.722 = 0.972 





Total = 312.086 


For the grade triangle there is subtracted 3¢ X6 X18 = 100, 
giving the resultant volume for section at station 2 as 212.086. 
For station 8, 


b 
tty = 13.3 and m-+n = 40.2 


From Table XXXI, 


Opposite height 13.3 under 4 take 10X49.259 = 492.590 
2 zp X 24.630 2.463 


i] 





Total = 495.053 
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The grade triangle portion (as above) = 100. 

Then, the volume of the prism with base equal to the sec- 
tion at station 3 is 395.053. 

. the mean-area volume of the solid between stations 2 
and 3 is 607.139. 

The prismoidal correction is found in the same way as in 
the first method and is.7.000. 

the prismoidal volume = 607.139—7.000 = 600.139. 

This value is the same as that found in the first method. 

The tables are carried to three decimals, thus making them 
more accurate when multiplied by 10. Work may be car- 
ried out to any desired degree, decimals being omitted in the 
final quantities. 

Remark. The second method is somewhat shorter than the 
first, but, where b/2s is not an exact decimal, the results ob- 
tained by the two will not exactly check. 


CHAPTER XIII 
EARTHWORK DIAGRAMS 


293. General principles. An equation of the first degree | 
containing but two variables can be graphically represented | 
by a straight line. Equations of the second or higher degree | 
can only be represented by curves. 

Consider the equation, 








yaa (302) | 


where a is a constant and z and y the variables. This equa- 
tion is that of a straight line and is represented by Fig. 164 | 
for a certain value of a. Various values of x are laid off on 
the axis of z, and the corresponding values of y are computed 
and laid off at right angles toOX. The line joining successive 
points will be represented by the line OA, which passes | 
through the origin. Many problems can be solved from dia- 
grams based on equation 302, among which may be mentioned | 
that for computing acres of right of way. 
Another equation is of the form, 


y = 2 (303) 


Here there are three variables, but, if we consider one as a | 
constant, we may represent the equation graphically by sub- 
stituting different values for the second variable and solve 
the equation for the third quantity. Figure 165 represents | 
solutions of this equation for z of 3, 1, and 2. When z = 3 
and x = 1, ywill equal 3; withz = 3 and = 2, y will equal 1, | 
and so on. The z = % line is thus found by laying off the | 
quantities x and y along and at right angles to the axis of X. | 
Cross-section paper may be used to advantage in work of this | 
nature. 


Other common equations are of the form, 
y = aze (304) | 

y = a(2-+b)(x+c)k (305) | 

294 : 
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where a, b, ¢ and k are constants. Diagrams for equations 
in form similar to both these may be plotted as shown in 
Vig, 165. 

Nearly all the equations for the computation of earth- 
work are similar in form to the last three equations. 


me. 


fe 5a 





Bia. 164, Via, 165, 


294. Triangular prisms. The volume in cubic yards of 
a triangular prism of length 50 ft is #{wa, where w and a 
represent the base and altitude of the triangular section. 
A diagram may be constructed for solving this equation. 
Different values of w and a may be substituted, giving cor- 
responding volumes. 

The following table will be of assistance in plotting the 
diagram. ‘The particular values chosen for w were taken for 
simplicity in computing and plotting. 


TABLE FOR PLOTTING PLATE I. TRIANGULAR PRISMS 
VALUES OF w 


5.4 10,8 16.2 21.6 27.0 


0 0 0 0 0 0 
0 5 10 f 


o 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
/ 
| 


= 
oa 
do 
Cc 
& 
an 


Values of a 
CCOCONAAAOHKO 
2 
© 
ao 
a 
S 
Nn 
oa 
= 
S 
S 
= 
wo 
oa 


— 
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Cross-section paper may well be used for the diagram, but, 
since the paper is liable te be more or less inaccurate as to 
the ruling of the lines, several points in each line should be 
plotted considering the ruling of the paper as correct. The 
successive points are then connected. 

A small reproduction of folding Plate I at the end of this 
volume is given in Fig. 166. Its construction is self-evident. 
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295. Use of the diagram. Let the altitude and base 
ofa triangle be 9:0 and 12.0, respectively. To find the volume 
of a triangular prism of length 50 ft. Go out to the w = 12.0 
line and up to the a = 9.0 line. Read the volume as 100.0 
cubic yards. ‘This quantity, as previously noted, is the 
product of 9.0, 12.0, and 24. 

296. Diagram for three-level sections. The mean- 
area volume of a solid of length 50 ft and with triangular 
base is found from equation 300 which with D substituted for 


(m+n) becomes 
it (a+2)p 50 6? 
“CBA 1" 98 54 Qs 
Since 6 and s are constants in any particular case, there are 


only three variables in this equation, d, D, and S. As pre- 
viously explained, one of these values may be considered 
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constant, and d will be so taken... Having chosen the con- 
stant d, values of S may be found for different values of D. 
Here, as with triangular prisms, the work of plotting may be 
expedited by previously computing and arranging a table 
similar to the following one. 


TABLE FOR PLOTTING PLATE II 
DisTaNcE BETWEEN SLope STakes=D 





Center | 
Heights d | 20.0 21.6 27.0 32.4 37.8 43.2 


Const. 





18.518} 20.0 25.0 30.0 35.0 40.0 |. Diff. 
0 9.876} 43.209] 76.542/109.875)143 .208] 33.333 


18.518] 29.876] 68.209|106 542/144 .875)183.208) 38.333 
37 .036| 49.876] 93.209]136. 542/179 .875)223 208] 43.333 
55.554) 69.876/118 .209]166 . 542/214. 875/263.208}, 48.333 
74.072| 89.876)143 .209/196 . 542/249 .875/303.208| 53.333 
zi . 876/168 . 209/226 . 542/284 875/343 .208} 58.333 
111. 108}129.876/193 .209|256 .542/319 ,875|/383.208) 63.333 
129 .626)149 . 876/218 . 209/286 . 542/354 875/423 .208] 68.333 
148 . 144/169 .876|243 .209/316 .542/389 .875/463 .208] 73.333 
166 .662/189 .876|/268 . 209/346 . 542/424 875/503. 208] 78.333 
185. 180/209 .876|/293 . 209|376. 542)459 875/543 .208) 83.333 





COKONOMPWHHO 
Ro} 
i} 
oO 
oO 
i=) 
amy 
=) 
oO 


_ 











Plates II and III are plotted for bases of 20 and 16 ft, 
and side slopes of 13 to 1. A separate diagram is necessary 
for each different combination of b and s. Values of D are 
laid off on the x axis, and those for S on the y axis. Inclined 
lines passing through successive points will be the lines repre- 
senting the different values of d. 

The labor involved in preparing a table for this work may 
be lessened by observing that certain parts of the above 
equation remain constant for successive changes in the vari- 
able quantities. Proper substitutions may be made in the 
general formula and the constant difference in solidities found. 
For instance, when.d = 1 and D = 20, 


50 20 50 b? 
eyes B= Op ee 
§ =gAl ts Moa 


Again when d = 2, and D = 20, 


50/7. 20 50 b? 
b ze 0 es 
= aA? 3 ) 54 2s 
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Subtracting S from S’ elves 
50 
‘—S = —X20 = 18.51 
S 5 es 8 


The same difference will be found between d = 2, and d = 3. 

Then if the next value of D = 21.6 is used with d = 1, and 
d = 2, the constant difference of 20 would be found. 

It is advisable to solve the equation for all values of D 
when d = 0. The results are entered on the horizontal line 
of d= 0. After these quantities are found, the numbers on 
the other horizontal lines may be obtained by use of the various 
constant differences. 

A check crosswise of the table may also be obtained by 
solving the equation for S with different values of D. For 
instance, when d = 0 and D = 21.6, 


50 b? 


8 = F(0+> 3) 26— 54 Qs 


with d = 0, and D = 27.0. 


20 50 62 
4 2 
= val WES 7) tos 54 2s 
Then, 


S’—S = — is )e70- 21.6) = 33.333 


Similarly for the differences in volumes when d = 1 with 
D = 21.6 and 27.0, 
50 


S’—S = aie >) (27.0 — 21.6) = 38.333 


A final check on the table should be made by substituting 
the largest values of d and D in the formula. In this case 
there results 

50 20? 


10 43.2 —-— — = 543. 
-3( +3 =) 54 3 543.208 


This operation will check all quantities in the table. 
Curve of level section. On both Plates II and III a curve 
of level section has been plotted. From equation 272 we may 
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find D for different values of d. Thus, for Plate II, when 


d=0 D = 20.0 
d = 0.4 D = 21.2 
d=14 D = 24.2 
d = 2.4 D = 27.2 
d = 6.4 D = 39.2 


The curve passing through the points having these coordi- 
nates is called the ‘curve of level section.”” The volumes for 
preliminary estimates may be obtained from this curve. 

297. Use of the diagram. The lines and quantities on 
Plate II are fully designated; an example will explain the 
proper method of procedure in determining volumes. 

Example. Cross-section notes are as follows: 


16.0 11.8 

28: a 4 Le 
ee aor fe. | Eid 
19.0 13.6 

OT: eens LS) | ee 
er die vie | pod 


For station 28, d = 2.4, and D = 27.8. 

From Plate II, at the intersection of the lines d = 2.4 and 
D = 27.8 we obtain a volume of 110.1 cu yd. 

For station 27, d = 3.0 and D = 382.6. 

At the intersection of the lines d = 3.0 and D = 82.6 we 
find a volume of 168.3 cu yd. 

Since the diagram gives results for 50-ft lengths, the total 
volume between the two stations is 110.1+168.3 = 278.4. 

The result obtained for these same notes by tables is 278.26 
cu yd. 

The prismoidal correction may be applied to this mean- 
area volume. The amount of the correction is found similarly 
to the way explained in the next section. 

298. Diagram for prismoidal corrections. The formula 
for the prismoidal correction has been previously deduced 
and is ' 


C= 304 


(d—d’)(D—D’) (301) 


The results are in cubic yards for a distance of 100 ft between 
sections. 
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Numerical substitutions for (d—d’) and (D—D’) may be 
made and the corresponding results found. It will be well 
to take (d—d’) as 0, 1, 2, 3, 4, 5, etc., and to take values 
of (D—D’) so that the corresponding C will be a whole num- 
ber. For instance, when (d—d’)=1, the equation becomes 
(D—D’')/3.24, and convenient values of (D —D’) will be 0, 3.24, 
6.48, and so on, which give C the values 0, 1, 2, 3, 4, ete. 

Similarly with (d—d’), taken as 2, 3, 4, ete. Likewise, the 
equations of other (d—d’) lines may be found, convenient 
substitutions of (D—D’) made, and a table arranged for 
plotting the diagram. 


TABLE FOR PLOTTING PLATE IV 


























d—d’ | 0 | 3.24 | 6.48] 9.72 |12.96/16.20]19.44|22.68/25.92| D—p’ 
0 0 0 0 0 0 0 0 0 0 
1 0 1 2 3 4 5 6 7 8 
2 0 2 4 6 10 12 14 16 
3 0 3 6 9 12 15 18 21 24 
4 0 4 8 12 16 20 24 28 32 
5 0 5 10 15 20 25 30 35 40 
6 0 6 12 18 24 30 36 42 48 
7 0 7 14 21 28 35 42 49 56 
8 0 8 16 24 32 40 48 56 64 
9 0 9 18 27 36 45 54 63 72 

10 0; 10 20 30 40 50 60 70 80 











Plate IV at the back of this volume is the diagram for 
“Prismoidal Corrections.”’ Lines intermediate between whole 
numbers of (d—d’) are plotted proportionally. 

For finding prismoidal corrections for irregular sections one 
of the methods described in § 277 may be employed, the 
diagram being used after the preliminary quantities have been 
decided on. 

299. Use of the diagram. Consider as an example that 
d—d’ = 4.0 and D—D’ = 11.0. 

Going out for D—D’ = 11.0 and following up to the line of 
d—d’ = 4.0 we read the correction in cubic yards as 13.6. 
The value of C from computation to two decimal places is 
13.58. When either D—D’ or d—d’ are too large for the 
limits of the diagram, they may be divided by some even 
quantity, as 2, 3, and so on, and a corresponding multiplica- 
tion made after the correction has been obtained from the 
diagram. 
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300. Conclusion. The four plates placed at the end of 
this volume are necessarily reproduced on a small scale. On 
construction work a much larger scale should be adopted. 
Diagrams carefully made according to the principles here 
given will give a high degree of precision, and their use will 
be conducive to speed in securing results. 

The volume for any irregular section may be obtained by 
use of Plate I, provided the section is divided into triangles 
or trapezoids, as explained in the previous chapter, 


CHAPTER XIV 


HAUL AND THE MASS DIAGRAM 


HAUL 


301. Haul. The cost of removing excavated material, 
when the distance does not exceed a certain specified limit, 
is included in the price per cubic yard of the material as 
measured in the cuts. No payment is made for fill, as the 
terms of the contract require the contractor to deposit the 
material where directed by the engineer. But when the mate- 
rial must be carried beyond the specified limit, the extra 
distance is paid for at a stipulated price per cubic yard, per 
100 ft. The extra distance is known by the name of overhaul, 
and is to be computed by the engineer with respect to so 
much of the material as is affected by it. 

The contractor is entitled to the benefit of all short hauls 
(less than the specified limit), and material so moved should 
not be averaged against that which is carried beyond the limit. 
Therefore, no calculation of haul is made for the material 
from cuts which are deposited within the limiting distance. 

On the other hand, on hauls greater than the specified limit, 
the contractor must transport the material free for the entire 
length of the limiting distance, and he is paid only for the 
product of the cubic yards multiplied by the overhaul. 

When the overhaul is long, it is frequently cheaper to obtain 
fill material from borrow pits rather than from distant cuts 
and to waste material from cuts rather than to transport it 
to distant fills. Accordingly, the determination of the most 
economic procedure is somewhat complex. Three means of 
solution are available based on the following: 


1. The profile and cross sections. 
2. The quantity profile. 
3. The mass-haul diagram. 

302 
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302. Economy of earthwork from the profile and cross 
sections. Find on the profile of the line two points, one in 
in excavation, and the other in embankment, such that while 
the distance between them equals the specified limit, the in- 
cluded quantities of excavation and embankment shall just 
balance. These points are easily found by trial, with the aid 
of the cross sections and calculated quantities, and become 
the starting points from which the haul of the remainder of 
the material is to be estimated. 

Figure 167 represents a cut and fill in profile. The distance 
AB is the limit of free haul. The materials taken from AO 





just make the fill OB and without charge for haul; but the 
haul of every cubic yard taken from AC and carried to the fill 
BD is subject to charge for the distance it is carried, less AB. 
It would be impossible to find the distance that each separate 
yard is carried, but we know from mechanics that the average 
distance for the entire number of yards is the distance between 
the centers of gravity of the cut AC and of the fill BD which 
is made from it. If, therefore, X and Y represent the centers 
of gravity, the actual average haul is the sum of the distances 
(AX+BY), and this (expressed in stations) multiplied by 
the number of cubic yards in the cut AC gives the product 
to which the price for haul applies. 

But the product of AX by the number of cubic yards in 
AC is equal to the sum of the products obtained by multi- 
plying the contents of each prismoid in AC by the distance 
of its own center of gravity from A. The distance of the 
center of gravity of a prismoid from its mid-section is ex- 
pressed by the formula, : ‘ 

P(A—A 
7 Piyl 22S See 
WA+A’) 


27” which will 


If we replace S by its approximate value, 
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produce no important error in this case, we have 


iy al) 


C= 6 ALA’ (807) 
in which A should always represent the more remote end 
area from the starting point A, Fig. 167. Hence, « may be 
+ or —, and it must be applied, with its proper sign, to the 
distance of the mid-section from the starting point A, before 
multiplying by the contents S. Each partial product is thus 
obtained. 

If instead of the areas A and A’, the solidities S and S’ 
have been taken out for uniform lengths, we may substitute 
S and S’ for A and A’ in equation 307 to find the value of x. 

By a similar process with respect to the prismoids compos- 
ing the mass BD, and using the point B as the starting point, 
we obtain finally a sum of the products representing this 
portion of the haul. 

If a cut is divided, and parts are carried in opposite direc- 
tions, the calculation of each part terminates at the dividing 
line. If a portion of the material in AC is wasted, it must 
be deducted and the haul calculated only on the remainder. 

The specified limit is sometimes made as low as 100 ft, 
sometimes as high as 1000 ft. A limit of about 300 ft, how- 
ever, is usually most convenient, as it includes the bulldozer 
and shaper work, while it protects the contractor on such long 
hauls as may occur. 

303. Quantity profile. The ordinary railroad profile 
gives to scale all center-line depths and the relative positions 
of cuts and fills but does not show the quantities of material 
in them. The quantity profile is so drawn that its several 
areas above or below the grade line are proportional to the 
number of cubic yards in the several cuts and fills. To obtain 
this result we lay off from the grade line at each point where 
we have a cross section a vertical ordinate, plus or minus, 
representing to scale the number of cubic yards in a length 
of 1 ft due to that section. Connecting the extremities of the 
ordinates by a smooth curve we have the quantity profile. 
On this the center of gravity of each cut or fill is not difficult 
to find graphically; and equal areas, whether in cut or fill, 
indicate equal solidities. The quantity profile assists in a 
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study of the proper disposition to be made of material in the 
construction of the road, and in computing the distances that 
some materials are to be hauled. 


THE MASS DIAGRAM 


304. The mass-haul diagram. A mass-haul diagram or 
mass diagram is a line on a rectangular coordinate system 
which indicates by its ordinate the total quantity of excess 
excavation over fill from the beginning of the diagram up to 
the station that is indicated by the abscissa. When the ordi- 
nate is minus, the fill is in excess at that point. The diagram 
is usually drawn on profile paper, and it is started at the 
beginning of the survey line or wherever the cut and fill are 
balanced. It is really the integral of the quantity profile. 
It is best visualized by the following concept. 

Imagine that the contractor had an enormous box half filled 
with material and having a zero mark placed at the surface 
of the material. He starts at the beginning of the projected 
railroad by excavating material to make a cut. The material 
excavated is put into the box, and the box is moved along 
as the work progresses. When a fill is reached, material is 
taken out of the box to make the fill. The process is continued 
to the end of the line, the material from the cuts being put 
into the box and removed to build the fills. The height of the 
surface of the material above the zero mark in the box at any 
point along the line, that is, at any plus, will then be the 
ordinate of a mass-haul diagram for that plus. If the surface 
of the material is below the zero mark, the ordinate will be 
minus. 

305. Construction of a mass-haul diagram. A mass- 
haul diagram is constructed. as follows (Fig. 168): 

The quantities of cut or fill between each pair of adjacent 
cross sections is computed. If the mass-haul diagram is to 
be used for a trial position for a paper location, the depths - 
of cut or fill are scaled from the grade contour, and the volumes 
are computed by Table XXX, Cubic Yards per 100 ft in 
Level Prismoids, which is based on center depths. If the 
diagram is to be used for other purposes, the cross section 
areas are usually available, and they are used to compute the 
quantities. 
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The quantity of each prismoid is listed beside the station at 
the end of the prismoid. Accordingly, when using the mean- 
area formula it is convenient to list the half stations rather than 
the full stations as the prismoids terminate at these points. 





Earthwork 
between the 


Previous Cross | Shrink- Beguired Reguired ae 
Center Section and age oa ne seek INS 
d* the Cross Added ; ae 
P 5 Volumes | of Fills braic 
St Section at the | to Fills f Fills potas 
a Station Listed ? 
Cu Yd 


re} cy | Gh | % | cuva | SX4 louva 





0+0 
1+0] +11.1] 1500 +1500 
2+0 —8.1 909 10 91 1000 +500 
3+0]} —10.9 1364 10 136 1500 — 1000 
£51-0)|) 6-4-9 500 — 500 
5+0] +11.1] 1500 +1000 
6+0] —10.9 1364 10 136 1500 — 500 
7+0} —15.1 2273 10 227 2500 —3000 
8+0) -—8.1 909 10 91 1000 — 4000 
9+0 —2.3 182 10 18 200 — 4200 
10+0] —6.9 727 10 73 800 — 5000 
f11+0] -8.1 909 10 91 1000 — 6000 
12+0 0 0 — 6000 
13+0 10) 0 — 6000 
14+0 0 0 — 6000 
15+0 +8.3 | 1000 — 5000 


SS ee ees 


* These center depths are used only for estimates from the preliminary 
map. They are estimated from the grade contour at a point halfway from 
the previous station. This column is not used when cross-section areas 
are available. 


The volumes are for slopes of 13:1 and bases 20 ft wide in cuts and 
18 ft wide on fills. 
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The cuts and fills are listed in separate columns. Cuts are 
called plus and fills minus. The probable percentage required 
to make up the shrinkage of material used in fills is added to 
volumes of the fills, and the corrected volumes are listed. 

Finally, the quantities of the cuts, and the fills corrected for 
shrinkage, are added algebraically successively. The running 
total is placed beside that station to which the accumulated 
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quantity refers. These values are plotted to form the mass- 
haul diagram (Fig. 169). 

It is evident from the last column that, beginning in a cut, 
the sums increase to the end of the cut and then diminish 
with the following fill. So the diagram shows a rising line 
for every cut to a maximum which is opposite the grade point 
of the profile; thence a falling line indicates a fill, down to 
its own maximum opposite the next grade point. 

Every loop of the diagram is composed of two equal parts, 
one of cut and the other of fill, and the number of cubic yards 
in each part is indicated by the length of the maximum ordi- 
nate which divides them, reckoned from any horizontal line 
drawn across the loop. The intersection of this line with the 
loop indicates the stations between which so much of the cut 
and its corresponding fill are located. 

So the vertical distance intercepted between any two hori- 
zontal lines is the measure of the cubic yards of cutting on the 
rising side, or of fill on the falling side, while the longer line 
indicates the extreme haul, and the shorter the least haul. 
Projecting the ends of these lines on the profile will give 
the corresponding station points. The average of the hori- 
zontal lines in stations, less the number of stations of free 
haul, multiplied by the number of cubic yards moved, gives 
the product to which the price for “haul” is to be applied. 

In the diagram the loops convex upward indicate the haul 
to be in one direction, whereas the loops concave upward indi- 
cate the haul to be in the other direction, since the movement 
is always from cut to fill, that is, from rising line to falling line. 

When the grade line is so adjusted that cuts and fills bal- 
ance, and the distances are within practicable limits, the zero 
line is the only line of reference needed. But borrowed mate- 
rial, since it appears in the diagram only as fill, depresses the 
diagram, whereas waste material, appearing only as cut, 
has the contrary effect. In such cases new equalizing lines 
must be drawn, parallel to the zero line and as far below or 
above it as will give an economical adjustment. Projecting 
the ends of such lines on the profile fixes the limits of borrow 
or waste. 

The most economical distribution of material demands that, 
in making a fill the material should be obtained: 

First. from the nearest cut. 
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Second, from a cut such that the cost of haul shall not exceed 
the cost of excavation. 

Third, from a nearby borrow pit. 

Borrow should not be made at one point and waste at 
another unless the distance is so great as to make the cost 
of haul prohibitive, or other conditions, such as an unbridged 
stream, make this course necessary. 

In any case the mass diagram is a valuable aid to a satis- 
factory solution of the question of distribution, as well as 
that of haul. 

306. Payment of overhaul. The following are the recom- 
mendations of the American Railway Engineering Association 
for all cases where an allowance for overhaul is made. 

“No payment shall be made for hauling material when the 
length of haul does not exceed the limit of free haul, which 
shall be feet. 

“The limits of free haul shall be determined by fixing on 
the profile two points—one on each side of the neutral grade 
point—one in excavation and the other in embankment, 
such that the distance between them shall equal the specified 
free-haul limit and the included quantities of excavation and 
embankment balance. All the haul on material beyond this 
free-haul limit shall be estimated and paid for on the basis 
of the following method of computation, viz.: 

“All material within this limit of free-haul shall be elimi- 
nated from further consideration. » 

“The distance between the center of gravity of the remain- 
ing mass of excavation and center of gravity of the resulting 
embankment, less the limit of free haul as above described, 
shall be the length of overhaul; and the compensation to be 
rendered therefor shall be determined by multiplying the 
yardage in the remaining mass, as above described, by the 
length of the overhaul. Payment for the same shall be by 
units of 1 cubic yard hauled one hundred (100) feet: 

“Where material is obtained from borrow-pits along the 
embankment and runways are constructed, the haul shall be 
determined by the distance the team necessarily travels. 
The overhaul material thus hauled shall be determined by 
multiplying the yardage so hauled by one half the round dis- 
tance made by the team less the free-haul distance. The run- 
ways shall be established by the engineer.” 
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THE USE OF THE MASS DIAGRAM 
307. Assume the following data: 
Limit of free haul 500 ft 


Overhaul $0.20 per cu yd per 100 ft 
Earth excavation $1.00 per cu yd 
Earth borrow $0.60 per cu yd 


It is evident that it is cheaper to use an overhaul up to 300 ft 
than to borrow material. 

In Fig. 169 a cut exists from O to A. The material can be 
used for the fill from A to B. At point B, where the line 
crosses the axis, the material from the cut has been exhausted. 
The fill from B to C will be built of the material received 
from C to D. The cut from D to E will be used for the fill 
from E to F at which point the material will be balanced. 
Up to the point F no haul is over 500 ft, and, therefore, no 
computation for haul is required. 

Between F and P (where the quantities again balance) a 
long overhaul would be needed.. It is necessary to determine 
between what points borrow should be used, how much borrow 
is required, and where the overhaul should start and terminate. 
To find the answers proceed as follows: 

Find an elevation in the valley of the diagram where a 
horizontal line 500 ft long will just fit, line JK. Since J and 
K are at the same height on the diagram, the cut and fill 
between them balance, and the whole section can be handled 
without overhaul as its length is not over 500 ft. 

Find an elevation where a horizontal line 800 ft long will 
just fit in the valley of the diagram, line GL. Material above 
this line requires overhaul of more than 300 ft which costs 
more than borrow. Accordingly, 3500 cu yd are borrowed 
for fill FG. Fill GJ, 1500 cu yd, is built from cut KL. 

As stated in § 306, the length of overhaul is the distance 
from the center of gravity of the cut to the center of gravity 
of the fill, minus the length of free haul. Draw a series of 
horizontal lines at uniform vertical intervals extending from 
GI to HI. They will divide GJ into uniform increments of 
volume. The distance of each volume from HI will be meas- 
ured very nearly from the line GJ at the center of the incre- 
ment to the line HJ. The distance from HI to the center of 
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gravity of all of these volumes taken together will be the 
average of all these distances. The positions of the centers 
of gravity of the fill GJ and the cut KL, thus estimated, are 
at stations 94-00 and 15+-50, respectively. The quantity of 
overhaul is therefore: 


(15.5 sta. —9.0 sta. —5.0 sta.)1500 cu yd = 2250 cu yd sta. 


The next summit is treated in the same way. Overhaul is 
required to build the fill QS from the cut MP. The centers of 
gravity are at 19+0 and 25+30. The quantity of overhaul is: 


(25.3 sta. —-19.0 sta. —5.0 sta.)2000 cu yd = 2600 cu yd sta. 


Materia] from cut JM would have to be hauled more than 
800 ft to be used in the fill beyond S, so 1500 cu yd are wasted. 

Next, draw T'U just touching U. A line drawn higher 
would require more than 300 ft overhaul. 2000 cu yd are 
borrowed to obtain this line. 

If the arrangement shown in Fig. 169 is adopted, the fol- 
lowing schedule should be included in the contract drawings. 
This schedule tells the contractor where to obtain material 
and where to deposit it. It shows the quantities involved 


and the overhaul. 
HAUL SCHEDULE 


Present Deposit Quantity, Overhaul 

Location Location cu yd Sta., cu yd 
0+00 14-00 1+00 2-+420 1500 0 
B4+00 4420 24+20 8-+-00 1000 0 
4+20 65-400 5+00 5480 1000 0 
Borrow Pit #1 5+80 7+70 3500 0 
134-00 15460 7+70 134-00 2500 2250 
15+60 18440 Waste Loc. #1 1500 0 
16+40 214-00 21+00 264-50 2300 2600 
Borrow Pit #2 26450 284-00 2000 0 
B0+00 824-50 284-00 804-00 1300 0 
354-00 3874-00 824-50 35400 800 0 
87+00 39-+-00 39+00 41+4-00 900 


41+60 44-400 41+-00 41+60 400 


CHAPTER XV 
CONSTRUCTION 


308. The engineering department of a railway company 
is usually reorganized for the construction of the road, as 
follows: chief engineer, division engineers, resident engineers, 
assistant engineers. On some roads the division engineers are 
styled “principal assistants’’; the resident engineers are called 
“assistants’’ ; and the assistant engineers are designated accord- 
ing to their duties, as ‘“leveler,” “rodman,’’ and so on. 

A resident engineer has charge of a few miles of line, 
limited to so much as he can personally superintend and 
direct. He has one or more assistants and an axeman in his 
party. All instrumental work is done and all measurements 
taken by the resident engineer and his assistants. 

A division engineer has charge of several residencies and 
inspects the progress of the work on his division once or 
twice a week. In:his office, which should be centrally located, 
all maps, profiles, plans, and most of the working drawings 
required on his division are prepared. To him the resident 
engineers make detailed reports once a month, or oftener if 
necessary, which he passes on as to their correctness, and from 
which he makes up a monthly report, or estimate, of the 
amount and value of the work done and materials provided 
by each contractor on his division. The estimates are for- 
warded about the first of each month to the chief engineer, 
who examines and approves them, returning for modification 
any that seem to require it. 

The chief engineer has charge of the entire work and directs 
the general business of the engineering department. He occa- 
sionally inspects the work along the line. 

309. Clearing and grubbing. The first step in the work 
of construction is to clear off all growth of timber within the 
limits of the right of way. The resident engineer with his 

312 
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party passes over the line, making offsets to the right and 
left, and blazing the trees which stand on, or just within, 
the limits of the company’s property. The blazed spot is 
marked with a letter C, as a guide to the contractor. After 
felling, the valuable timber should be piled near the boundary 
lines, to be saved as the property of the company. The 
brushwood is burned. 

Where a deep cut is to be made, the stumps are left to be 
removed as the earth is excavated. In very shallow cuts 
and fills the contractor will generally prefer to tear up the 
trees by their roots at once, rather than to grub out the stumps 
after clearing. Where the embankments will be over 3 ft 
high, grubbing is not necessary; but the trees require to be 
low-chopped, leaving no stump above the roots. The engineer 
should indicate to the contractor the localities where each 
process is suitable. 

310. While the clearing is in progress, the engineer should 
run a line of test levels touching on all the benches to verify 
their elevations; he may also rerun the center line, replacing 
any stakes that may have disappeared and setting guard 
plugs to any important transit points which may not have 
been previously guarded. If any changes in the alignment 
have been ordered, these may be made at the same time. 

311. Cross sections. The resident engineer is furnished 
with a profile of the portion of the line in his charge, on which 
is plainly indicated by line and figures the established grade. 
The grade given on the profile is that which is subsequently 
called the subgrade, being the surface of the roadbed. The 
final or true grade is the upper surface of the ties after the 
track is laid. 

The methods used in cross-sectioning are fully described 
in Chapter X. 

The cross-section notes should be traced in ink at the first 
opportunity to secure their permanence. An’ office copy 
should also be made to serve in case of loss or damage to the 
original. 

312. Shrinkage. In estimating the relative amounts of 
excavation and embankment required, allowance must be 
made for difference in the spaces occupied by the material 
before excavation and after it is settled in embankment. 
The various earths will be more compact in embankment, 
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rock less so. The difference in volume is called shrinkage in 
the one case and increase m the other. 

The amount of shrinkage depends on the kind of material 
and the method of placing it in the fill. Dumped from a trestle, 
earth falls so loosely at first that the shrinkage is apparently 
greater than when the fill is made in layers hauled on by 
truck or scraper. A trestle fill requires several months to 
settle, and it is well to give it a little additional height to 
provide for the inevitable settlement. The slope stakes, 
however, are set for the true grade. The surplus height, if 
given at all, is made in the trestle, or is shown by poles or 
stakes driven at $b from the center line as the fill nears com- 
pletion. 

But the probable shrinkage must be considered also when 
the grade is first established in order to provide sufficient 
material from the cuts, if possible, to complete the fills. 
When the material is paid for as measured in excavation, the 
quantity to be placed in the fills is computed only for the 
purpose of properly balancing the work. 

Excess of earth allowed for shrinkage is estimated as a 
percentage of the quantity computed from the cross-section 
notes; the excess of height required to provide for shrinkage 
is estimated as a percentage of the height of fill. These two 
are not necessarily the same. 

The percentages here given are from the average of general 
experience. They express shrinkage in volume of the several 
classes of materials. 


Fine Sand 6% Loam 12% 
Sand and Gravel 8 Surface Soil 15 
Ordinary Clay 10 


When a fill is carried up under traffic, the subsequent 
shrinkage will be less than half the above. 

The percentage in height depends on the height as well as 
on the material. If P is the above tabular per cent of bulk, 
and p the corresponding per cent of height, then p takes the 
following values: 


d Pp d Pp 
5ft 0.75P 30ft  0.56P 
10ft  0.67P 40 ft  0.54P 


20 ft 0.60P 50 ft 0.52P 
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No slippery earth or quicksand should be allowed in any 


Rock blasted in large fragments increases its bulk about 
60 per cent; in smaller fragments it increases about 75 per 
cent. 

Embankments should be started at full width out to the 
slope stakes and finished at full width of the roadbed even 
when at a percentage above grade, as there will be both lateral 
and vertical shrinkage. 

Example. A fill of level section, 30 ft high, is built of ordi- 
nary clay. Cubic yards per station, 6556; 10 per cent extra 
for shrinkage, 656 cu yd. Extra height if dumped from top, 
30X0.10X0.56 = 1.68 ft. Such estimates are necessarily 
approximate, being subject to the state of the weather, time 
of year, and peculiarities of the soil. Frozen embankments 
settle excessively when thawed out. 

313. Alteration of line. Inasmuch as the center line at 
grade is the base of reference for all measurements and calcula- 
tions in earthwork, any change made in it after the work of 
grading has begun should be most carefully recorded and 
explained. The center stakes of the old line should be left 
standing until after the new line is established, so that the 
perpendicular offset from the old line to the new, at each sta- 
tion, may be measured, as also the distance that the new 
station may be in advance of or behind the old one. The date 
of the change should be recorded. The original cross sections 
are extended any amount requisite, the distance out being 
still reckoned from the old center, while a marginal note 
states the amount by which the center has been shifted. 

The difference in length of the lines will make a long or short 
station at the point of closing. The exact length of such a 
station should be recorded, so that it may be observed in 
retracing the line at any time, and in calculating the quan- 
tity of earthwork. The original transit notes of the altered 
line should be preserved, but marked as “abandoned,” with 
a reference to the notes of the new line on another page. 

314. Drains and Culverts. The engineer should examine 
the nature and extent of each depression in the profile with refer- 
ence to the kind of opening required for the passage of water. 
For small springs, and for a limited surface of rainfall, pipes, 
in sizes varying from 12 to 24 in. diameter, serve an excel- 
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lent purpose as drains. ‘These are easily laid down and, if 
properly bedded, with the earth tamped about them, are 
very permanent; but their upper surface should be at least 
23 {ft below grade. The embankment is protected at the 
upper end of the drain by a bit of vertical wall enclosing the 
end of the pipe. If necessary, a paved gutter may lead to it. 

Where stone abounds, the bed of a dry ravine may be partly 
filled with loose stone, extending beyond the slopes a few 
feet, which will prevent the accumulation of water. 

When the flow of water is estimated to be too great for two 
lines of the largest pipe, a culvert is required. A pavement 
is laid 1 ft thick, protected by a curb of stone or wood 3 ft 
deep at each end, and wide enough to allow the walls to be 
built on it. It should have a uniform slope, usually between 
the limits of 50 to 1 and 100 to 1 to ensure the ready flow of 
water. In firm soils the foundation pit is excavated 1 ft 
below the bed of the stream, but, if mud is found, this must 
be removed and the space filled with riprap, the upper course 
of which is arranged to form the pavement at the proper level. 
In a V-shaped ravine, requiring too much excavation at the 
sides, and where the fall is considerable, riprap may be used 
to advantage, the bed of the stream above the culvert being 
graded up by the same material to meet the pavement. In 
some Cases a curtain, or cross wall, is necessary on the lower 
end to retain the riprap. 

Culverts should be laid out at right angles to the center 
line whenever practicable, the bed of the stream being altered 
if necessary. The length of an open culvert is the entire 
distance between slope stakes, the walls being parallel through- 
out, or the length may be taken somewhat less than this, 
and the walls turned at right angles on the upper end, forming 
a facing to the foot of the slope. The walls are carried up to 
grade for the width of the roadbed and are stepped down 
to suit the slopes. A course is afterwards added to retain the 
ballast. 

In box culverts the span varies from 2 to 5 ft, the height 
in the clear from 2 to 6 ft; the thickness of walls from 3° to 
4 ft; the thickness of cover from 12 to 18 in., and its length is 
at least 2 ft greater than the span. The walls terminate in 
short head walls built parallel to the center line, the top course 
being a continuation of the cover. The length of a head wall, 
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measured on the outer face, is equal to the height of the culvert 
in the clear multiplied by the slope ratio of the embankment. 
The perpendicular distance from the center line to the face 
of a head wall is equal to one-half the roadbed, plus the depth 
of the top of the wall below grade multiplied by the slope ratio, 
or 4b-++sk. A coping is sometimes added. 

315. Arch culverts are used when the span required is 
more than 5 ft, and the embankment too high to warrant 
carrying the walls up to grade as an open culvert. The 
span varies from 6 to 20 ft; the thickness of arch from 12 to 
18 or 20 in. The height of abutments to the springing line 
varies from 2 to 10 ft, the thickness at the springing line from 
3 to 5 ft, and at the base from 3 to 6 ft. The foundations are 
laid broader and deeper than in box culverts, each abutment 
having its own pit, carried to any depth found necessary. 
The half-length of the culvert is 4b-++sk, in which k is the depth 
of the crown of the arch below grade. The abutments are 
carried up halfway from the spring to the level of the crown 
of the arch, and thence sloped off toward the crown. The face 
walls are carried up to the crown, and coped. The wing walls 
stand at an angle of 30° with the axis of the culvert; they 
receive a batter on the face and are stepped (or sloped) down 
to suit the embankment. Their thickness, at the base, is the 
same as that of the abutment; at the outer end 3 ft. They 
stop about 8 ft short of the foot of the slope. "They need not 
be curved in plan. 

Any stone structure of dimensions greater than those just 
given scarcely comes under the head of culverts and should 
be made the subject of a special design by the engineer. 

316. Staking out foundation pits. For box culverts. 
The engineer having decided on the size of culvert required 
makes a diagram of it in plan, on a page of his masonry book, 
recording all the dimensions, stating the station and plus at 
which its center is taken, the span and height of the opening, 
and so on. He then sets the transit at the center A, Fig. 170, 
measures the angle between the center line and axis (making 
it 90° if practicable); on the axis he lays off the distances to 
the ends of the culvert and drives stakes at B and C. Per- 
pendicular to BC he lays off the half-widths of the pit, setting 
stakes at D and E, and laying off DF and EH = AB; and 
DG and EI = AC. On JG produced he lays off CJ = CK, 
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and perpendicular to this JM and KL, and finds the intersec- 
tions O and N. A stake js driven at each angle, and on it is 
marked the cut required to reach the assumed level for the 
foundation. These cuts are recorded on the corresponding 
angles of the diagram. The pit is thus no larger than the plan 
of the proposed masonry, and the sides are vertical, which 
answers the purpose for shallow pits. 





M 
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For arch culverts. The pit for each abutment when shallow 
may be of the same dimensions as the lower foundation course; 
if more than 5 ft deep, it should be enlarged by an extra space 
of 1 ft all around. In Fig. 171 the inside lines show the plan 
of the abutments at the neat lines; the outside lines represent 
the pits. Having prepared a plan of the structure suited to 
the locality and made a diagram of the same in the masonry 
book, set the transit at A, and drive stakes at D, E, N, and O 
on the center line. Then turning to the axis BC, lay off AC, 
and set stakes at G@ and J. With @ as a center and a radius 
equal to 2DE, describe on the ground an are cutting EJ in 
X or (IX = DE cot 30°) may be calculated ; and on XG@ 
produced lay off GK, and perpendicular to this, KL. From 
N lay off NP, parallel to AC, and measure PL as a check. 
Drive a stake at each angle, marked with the proper cutting, 
and record the same on the diagram. The locality may require 
the wings to be of different lengths and angles, of which the 
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engineer will judge. Guard plugs should be driven in line 
with the intended face of one or both abutments, so that the 
neat lines can be readily given when required. In case the 
material is not likely to stand vertically, the pit must be 
staked out with sloping sides, as described below. 








cy 
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For bridge abutments. A design for every important 
structure is usually prepared in the office after a survey of 
the site. The foundation pit is then laid out from dimen- 
sions furnished on a tracing, but a diagram of the pit should 
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be made in the masonry book as usual. When the bridge is 
on a tangent, Fig. 172, set the transit at A on the center line 
at its intersection with the axis BC of the abutment at the 
level of the seat. Deflect from the tangent the angle giving 
the direction of BC, and lay off AC, AB, setting plugs at 
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B and C and reference plugs (two on each side) on BC pro- 
duced. After staking out the sides of the pit parallel to BC, 
set the transit at C, and deflect the angle for the wing, laying 
off CD, and driving stakes at the corners H and F. Two refer- 
ence points are then set on the line CD produced. The 
other wing being staked out in the same manner, the cut is 
found at each stake and marked and recorded. Cross sections 
are then taken near each corner, perpendicular to each side, 
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and slope stakes (marked “slope’’) are driven where the slope 
runs out. Intermediate sections are taken when the uneven- 
ness of the ground makes it necessary, and the lines joining 
the slope stakes are produced to intersect, and other stakes 
are driven at the intersections. The position of each stake 
is shown on the diagram, and the cut recorded. 

A slope of 1 to 1 is usually sufficient for pits. If the material 
will not stand at 14 to 1, or if space cannot be spared for the 
slope, the sides may be carried down vertically, supported 
by sheet piling braced from within. 

The reference points should be so chosen that the points 
A, B, and C may be found by intersection, on any course of 
the masonry, during the progress of construction. 

When the bridge is on a curve, the bridge chord should 
be found and the abutments laid out from this (Fig. 178). 
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The bridge chord is a line AB, midway between the chord of 
the curve CD, joining the centers of the abutments, and a 
tangent to the curve at the middle point of the span. Hence, 
CA = DB = $MN, which may be laid off, and A and B 
are the true centers of the abutments, from which the founda- 
tions are staked out as before. 

The distance CH = DF to the points where the bridge 
chord cuts the curve is 0.147CD. 

Should an abutment site on a curve be inaccessible, as 
when under water, from any transit point P on the curve, 
lay off PX perpendicular to the tangent at M, observing that 


PX = MQ-—AC = R(vers PM —3 vers CM) 
and 
AX = PQ—4AB = R(sin PM—-$CD) 


The point A may then be found by intersection, or by 
direct measurement with a steel tape or wire, driving a long 
stout stake to show the point above the water. Other points 
may then be approximately found, sufficient to begin opera- 
tions. 

In case of a bridge of several spans, the piers are laid out 
in the same manner, from a center point and axis. If on a 
curve, each span has its own bridge chord, but for conven- 
ience the center of a pier may be taken on the center line 
during its construction and the bridge chord only found for 
the purpose of placing the bridge, the piers being long enough 
to allow of the shift. i 

To locate the centers of piers, a base line is required on 
one or both shores, and two transits are used to give the inter- 
sections by calculated angles. When practicable the spans 
should also be measured with a steel tape or wire. 

The bed of a pit for any sort of structure should receive 
the closest scrutiny of the engineer, it being his duty to 
judge whether the material will resist the load to be imposed 
on it. A pit may require to be excavated to a greater depth 
than first ordered, whereas sometimes a lesser depth will 
answer, as when solid rock is found. When a good material 
is reached, if any doubt exist as to its thickness or as to the 
character of the underlying stratum, borings should be made 
or sounding rods driven down. Piles may be driven to gain 
the requisite firmness, and a layer of riprap, concrete, or timber 
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may be used to afford a uniform bearing. When satisfied of 
the stability of the bed, he engineer finds the original centers, 
and gives points for the courses of masonry. A complete 
record is kept of the amount and kind of excavation, the 
materials used in foundation under the masonry, and the size 
and thickness of each foundation course of masonry ; the notes 
should be taken at the time the work is done, it being generally 
impossible to take measurements thereafter. 

317. Cattle guards are located at highway grade crossings. 
They are placed at right angles across the road at the fence 
lines to prevent the passage of live stock. The surface guard 
is the form used most extensively at the present time. The 
material is either wood or metal. 

318. Trestlework. No wooden culverts should ever be 
used. If stone cannot be had at first, two trestle bents may 
be erected, with a space between them sufficient to contain 
the stone structure to be built when the material for it can 
be brought by rail. The bents may be backed by plank to 
retain the embankment, and the stringers are then notched 
down an inch on the caps to receive the pressure of the earth 
and render the bents mutually sustaining. The sills are pre- 
vented from yielding to the pressure of the earth by being 
sunk in a trench or by sheet piling. Should the span be 
too long, a central bent may be used, so as not to interfere 
with building the wall. Sometimes pile bents may be used 
to greater advantage, the piles being driven in rows of four 
each and capped to receive the stringers. In districts where 
suitable stone is entirely wanting, pile or trestle abutments 
and piers are used for the support of bridges, the piles or 
posts being arranged in groups and capped to receive the direct 
weight of the trusses. They should not sustain the embank- 
ment, but should be connected with it by a short trestle- 
work. 


Trestlework is frequently used as a substitute for embank- | 
ment, either to lessen the first cost, or to hasten the comple- — 


tion of the line, or for lack of suitable material with which 
to form an embankment. The cost of trestlework, however, 
is not less than that of an earth embankment formed from 
borrow pits, unless its height exceeds about 15 ft, depend- 
ing on the relative prices of materials and labor. When not 
exceeding 30 ft in height, the bents, for single track, are 
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usually composed of two posts, a cap and sill, each 12X12, 
and two batter posts, 10X12, inclined at 4 to 1, all framed 
together. Two lengths of 3-in. plank are spiked on diagonally 
at opposite sides of the bent as braces. The length of the caps 
should equal the width of the embankment; the posts should 
be 5 ft from center to center, and the batter posts 2 ft from 
the posts at the cap. The sill should extend about 2 ft beyond 
the foot of the batter post. A masonry foundation for the 
bent is preferable, though pile foundations are not uncommon, 
and some temporary structures are placed directly on a firm 
soil, supported only by mudsills laid crosswise under the sill. 
The spans, or distance between bents, may vary from 12 to 
16 ft. The stringers should consist of at least four pieces, 
two under each rail, bolted together, with packing blocks to 
separate them 2 or 3 in. Over each bent and at the center 
of each span a piece of thick plank about 4 ft long should be 
placed on edge between the two pair of beams to preserve 
the proper distance between them, while rods pass through the 
beams and strain them up to the ends of the plank, to increase 
the stability of the beams and prevent their buckling under a 
load. The stringers should be able to carry safely the heaviest 
load without bracing against the posts. The bents, however, 
if high, must be braced against each other. The stringers 
should be continuous, the two pieces breaking joints with each 
other at the bents, to which they are firmly bolted. They may 
rest directly on the caps, or corbels may intervene. The spans 
on curve should be shorter than on a tangent. The ties should 
be notched down to fit the stringers closely, and guard rails, 
either wood or iron, should be secured to them firmly. Unless 
the spans are very short, horizontal bracing should be em- 
ployed, consisting of 3-in. plank, extending from the center 
of each span to the ends of the caps, which are notched down 
to receive the plank. 

For trestles much higher than 30 ft the cluster bent is 
preferable, so termed because each vertical post is composed 
ofa cluster of four pieces, 8X8 or larger, standing a little 
apart to allow the horizontal members to pass between them. 
The verticals are continuous breaking joints, two and two, 
while the horizontals pass the posts and are bolted to them 
at the joints; the framing is accomplished entirely by packing 
blocks and bolts. The batter posts consist each of two pieces 
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8X8; the horizontals may be 4X10 and extend not only across 
the bent, but also from bne bent to another. Proper bracing 
is also used in every direction. When very high, a secondary 
pair of batter posts may be introduced in the lower part of the 
structure. The batter need not exceed 4th to 1. In some 
instances two adjoining bents are strongly braced together, 
forming a tower or pier, and the piers placed from 50 to 100 ft 
apart, the roadway being carried on trussed bridges. The 
cluster bent admits of any piece being removed and a new one 
inserted when necessary. 

Instead of the old form of open roadway with ties attached 
to stringers and stringers fastened to caps, the solid floor is 
now iargely used. Here the ties rest directly in the ballast 
as on open line of track. The ballast is supported and held 
in place by planking extending from bent to bent, with pieces 
at sides of the roadbed to keep it from overflowing. 

Steel trestles are now adopted where a permanent struc- 
ture is desired. Owing to the expansion of the metal by heat, 
the bents cannot be continuously connected with each other 
as in a wooden trestle; hence, the pier form is resorted to, 
having spans varying from 30 to 150 ft, covered by trussed 
bridges, and the whole structure is more properly styled a 
viaduct. 

319. Tunnels. Tunnels are adopted in certain cases to 
avoid excessive excavations, steep grades, high summits, 
and circuitous routes. Their disadvantages are the increased 
time and cost of their construction compared with an open 
line, and their lack of light and fresh air when in use. It is 
desirable that they should be on a tangent throughout, both 
for the admission of light and for convenience of alignment. 
Many tunnels, however, have been built with a curve at one 
or both ends or curved throughout.! 

The location of a tunnel, other things being equal, should 
be such as to make not only the tunnel proper, but also its 
immediate approaches by open cut as short as possible; and 
the latter should be selected so as not to be subject to over- 
flow, nor liable to landslides. The material to be encountered 
may frequently be determined with tolerable accuracy by a 


1 The Mont Cenis tunnel, requiring a curve at each end, was first opened 
on the tangent produced, giving a straight line through, and the curves 
were excavated subsequently. 
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study of the geological formation in the vicinity, or by actual 
borings. The most favorable material for tunneling is a homo- 
geneous self-supporting rock, devoid of springs, which does 
not disintegrate on exposure to the atmosphere. The worst 
materials are saturated earth and quicksand. The presence 
of water in any material increases the cost considerably. 

The alignment of a tunnel is made the subject of special 
survey, after the general location is decided, and this is more 
or less elaborate according to the length of tunnel. A per- 
manent station is established at the highest point crossed by 
the tunnel tangent, from which, if possible, monuments are 
set in each direction at points beyond the ends of the tunnel. 
If there are two principal summits, stations on these will 
define the tangent, which may then be produced. The monu- 
ments established beyond the tunnel should be sufficiently 
distant to afford a perfect backsight from the ends of the 
tunnel, where other monuments are also established. The 
first quality of instruments only should be used, and these 
perfectly adjusted, and the observations should be repeated 
many times until it is certain that all perceptible errors are 
eliminated. Since the line of collimation will be frequently 
inclined to the horizon at a considerable angle, it is important 
that it should revolve in a vertical plane; and to secure this 
a sensitive bubble tube should be attached to the horizontal 
axis, at right angles to the telescope of the transit. The dis- 
tance may be obtained by triangulation, though direct meas- 
urement is to be preferred. A steel tape is convenient and 
accurate, providing that allowance be made for variations due 
to temperature, from an assumed standard. Carefully con- 
structed sight rods may be used instead of plumb lines, the 
tape being held at right angles to them and, therefore, hori- 
zontal. A plug should be driven for each rod to stand on, 
and a center set to indicate the line and measurement. 

As the excavation of the tunnel proceeds, the center line 
is given at short intervals by points on either the floor or the 
roof. Overhead points are generally preferred, from which 
short plumb lines may be hung, constantly indicating the line, 
with little danger of being disturbed. When a new transit 
point is required in the tunnel, it should be established directly 
under an overhead point, which serves as a check on its 
permanence and as a backsight when needed. 
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Shafts are sometimes opened to give access to several 
points of the tunnel at the same time, thus facilitating the 
work, though at an increased cost. They also serve for 
ventilation during the progress of the work, though they are 
worse than useless for this purpose afterward, except possibly 
in the case of a single shaft near the center of the tunnel. 
Some of the longest tunnels have been formed without shafts, 
whereas many shorter ones have had several, which have gen- 
erally been closed after the tunnel was completed. Shafts are 
vertical, inclined, or nearly horizontal; in the last case they 
are called adits. Inclined shafts should make an angle of at 
least 60° with the vertical. Vertical shafts may be rectangular, 
round, or oval. Their dimensions vary, depending on their 
depth and the material encountered, between 8 and 25 ft. 
They are usually sunk on the center line of the tunnel, though 
sometimes at one side. When they are over the tunnel, the 
alignment below is obtained directly from two plumb lines 
of fine wire suspended on opposite sides of the shaft from points 
very carefully determined at the surface. The plummets are 
suspended in water to lessen their vibrations, and, as soon as 
the transit can be set up at a sufficient distance to bring the 
lines into focus, it is shifted by trial into exact line with the 
mean of their oscillations, the latter being very limited. Per- 
manent points may then be set but should be repeatedly 
verified. As soon as the workings from a shaft communicate 
with those from either end or from another shaft, the align- 
ment thus found is tested and revised if necessary. These 
operations require the greatest nicety of observation and 
delicacy of manipulation to obtain satisfactory results. 

From plumb lines in the central shaft of the Hoosac tunnel, 
the line was produced 0.3 mile, and met the line produced 
2.1 miles from the west end with an error in offset of Pe in. 
In the Mont Cenis tunnel the lines met from opposite ends with 
“no appreciable” error in alignment, while the error in meas- 
urement was about 45 ft in a total length of 7.6 miles. 

When a curve occurs in a tunnel, it is usually near one 
end. The tunnel tangent is produced and established as 
before described, and a second tangent from some point on 
the curve outside the tunnel is produced to intersect it, the 
intersection being precisely determined and the angle meas- 
ured with many repetitions. The tangent distances are then 
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calculated and the position of the tangent points corrected 
by precise measurements, and permanent monuments are 
established. As the tunnel advances, points may be set at 
short intervals on the curve in the usual manner; but at inter- 
vals of 100 ft the regular stations should be defined with 
finely tentered monuments, using a 100-ft steel tape care- 
fully supported in a horizontal position. When it is necessary 
to use a subchord, its exact length should be calculated as 
shown in §§ 83 and 84. When the curve has advanced so far 
as to render a new transit point necessary, this should be 
established at a full station. The subtangents from the two 
transit points should then be produced to intersect and should 
be measured for equality with each other and with their 
calculated length. The distance from their intersection to the 
middle of the long chord should also be measured as a check 
on the deflections. When no perceptible errors remain, the 
curve may be produced as before until the P.T. is reached. 
It is evident that correct measure is indispensable to correct 
alignment on curves. Should obstacles on the surface necessi- 
tate triangulation, more than ordinary care must be exercised 
and as many checks introduced as possible. The triangles 
should be so arranged that all of the angles and most of the 
sides may be measured. 

Test levels are carried over the surface with great care, 
each turning point being made a permanent bench, and 
its elevation determined with a probable error not exceeding 
0.005 ft. Levels may be carried down a shaft on a series 
of bolts or spikes about 12 ft apart in the same vertical 
line, the distances being measured by the same level rod 
as that with which the benches are determined. The meas- 
ures should be taken between two graduations of the rod, 
not using the end of the rod, which may be slightly worn. 
Fine horizontal lines on the heads of the bolts may be used to 
mark the exact distances. After the shaft reaches the level 
of the tunnel, the depth may be measured more directly with 
a steel tape, the entire length of which has been corrected at 
the given temperature, by comparison with the same rod. 

If the grade of a tunnel is to be continuous, it should 
be assumed at something less than the maximum of the road, 
but not less than 0.10 per station, which is required for 
drainage. If a summit is to be made in the tunnel, the grade 
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from the upper end should not exceed 0.10 per station. 
Grades are given in the tunnel from day to day, or as often 
as required by the progress of the work, the marks being made 
on the sides at some arbitrary distance above grade. Turn- 
ing points should be taken on permanent benches. 

The least width of a tunnel in the clear should*be for 
single track about 16 ft; for double track this distance should 
be increased by the distance between tracks. The height 
in the clear above the tie should be 22.5 ft for both single 
and double track, allowing for tie and ballast, this distance 
being measured at the center lines of each track. The form 
of section depends somewhat on the material traversed. In 
perfectly solid rock a nearly rectangular section may be used, 
the roof being slightly rounded. In dry clay and stratified 
rock a flat arch may be used and in other cases a full-centered 
arch. The latter form is rather to be preferred on account 
of the better ventilation afforded. The sides are made 
vertical, battered, or curved, as necessity or taste may dictate. 
In wet and infirm soil an invert floor may be required; other- 
wise, it is made level transversely. When a lining is required, 
the original section must, of course, be made large enough to 
allow for the masonry and the temporary timber supports 
behind it. Hard-burned brick is usually adopted for arching, 
being durable and easily handled. In loose rock the arching 
may be 13 to 26 in. thick; in wet and yield soil a thickness of 
from 26 to 39 in. may be necessary. The walls may be from 
2% to 6 ft thick. 

In forming a tunnel, a heading or gallery of smaller cross 
section is first driven and afterward enlarged to the full size 
required. In firm clay or loose rock, which will temporarily 
support itself until the masonry can be put in, it is better to 
drive the heading along the floor (at subgrade) of the tunnel, 
the remaining material being then easily thrown down in 
sections as the arching is advanced. In solid rock or wet carth 
a top heading (along the roof) is generally preferred. The 
dimensions of a heading driven by hand are usually 8 ft high 
by 8 or 10 ft wide, but in solid rock where drilling machinery 
is introduced it is advantageous to make the heading as wide 
as the tunnel at once. By drilling holes into the face at points 
about 5 ft each side of the center and converging on the center 
line at a depth of about 10 ft, a triangular mass of rock may 
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be blown out, and the space thus gained facilitates the blasting 
of the adjacent rock on either side. An advance of about 10 ft 
in each day of 24 working hours may thus be made, if nitro- 
glycerine in some form is used as the explosive agent. Owing, 
however, to unavoidable delays from various causes, this rate 
or progress cannot always be maintained. At the Hoosac 
tunnel the greatest advance in one week was 50 ft; in one 
month 184 ft at one heading. At the Musconetcong tunnel 
a heading 8X22 ft in syenitic gneiss was advanced at the 
average rate of 137 ft per month for 6 months, the maximum 
being 144 ft—the enlargement of the tunnel to full size going 
on at the same time, a few hundred feet behind. At the St. 
Gothard tunnel the north heading 2.5 X3 meters was advanced 
in mica gneiss, during the year 1875 at the average daily rate 
of 3.71 meters, with a maximum of about 4 meters, but the 
enlargement was not made. The south heading advanced at 
the rate of 2 meters a day, timbering being at times necessary. 

In ordinary clay a heading may be driven at 75 to 180 ft 
per month, according to circumstances, where timbering is 
put in. The enlargement, including timbering and masonry, 
may be advanced at 20 to 60 ft per month. Small tunnels for 
water conduits are driven through dry clay at the rate of 
10 ft per day, the masonry following at once without timbering. 

The compressed air used to drive the drilling machinery 
serves to supply ventilation also. When this is wanting or 
proves insufficient, exhaust fans are used. At Mont Cenis 
a horizontal brattice or partition was built in the tunnel, 
dividing it so as to secure a circulation of air. When foul 
gases are encountered, ventilation becomes a serious ques- 
tion, and in one instance an important work was abandoned 
for this cause. 

Cross sections of the heading and also of the tunnel enlarge- 
ment should be measured at intervals of about 20 ft, as soon 
as opened, to see that the sides, roof, and floor are taken out 
to the prescribed lines, at the same time that the latter are 
exceeded as little as possible. In solid rock, since some mate- 
rial outside the true section will necessarily be thrown down, 
leaving an irregular outline, it is well to take two cross sections 
at the same point, one following the projections and the other 
the recesses of the rock, from which an average section may be 
estimated. A daily or, at least, a weekly record of operations 
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should be kept in tabular form and the progress indicated by a 
profile and cross sections‘drawn on a sufficiently large scale 
to show details. 

The drainage of a tunnel is best secured by a line of stone- 
ware or cement pipe laid in a trench along each side and covered 
with ballast or other loose material. The entire floor is thus 
made available for the use of the trackmen. When an invert 
is used, the drain is placed in the center between tracks. 
If the amount of water is large, drain pipe may be laid behind 
the walls, and the back of the arch may be covered with 
asphaltum, or coal tar, to prevent a constant dripping on the 
track. 

320. Retracing the lime. As the grading progresses, in 
either excavation or embankment, the principal transit points 
are established on the roadbed from the points of reference, 
and the center line is retraced, by stakes set every 50 ft. 
Transit points on grade should be fixed on stout durable posts 
firmly set in the ground and standing high enough to be 
easily reached after the ballast is laid. To:recover the old 
line, any discrepancies in measurement must be left between 
the transit points where they occur and not carried forward. 
In retracing a curve, if the transit is placed at the forward 
point, allowing the chain to advance toward it, slight: differ- 
ences in measurement will not affect the position of the curve. 
If any short or long stations have been introduced on the 
location, their position on the line must not be changed in 
retracing. The chain may be adjusted so that its measures 
will agree with the recorded distances between transit points. 
Offsets are made right and left from the new stakes to see 
that the roadbed is of the full width at all points. The levels 
are also carried over the grade, and any remaining cut or fill 
found necessary is marked on the back of the stakes, owing 
to allowance being made for the probable settlement of 
embankments. 

321. As the work approaches completion, the contractor 
goes over the line, dressing it to grade and opening the side 
ditches if this has not been previously done. 

Drain tile should be laid at the bottom of these ditches and 
lightly covered with earth, particularly if the cut be wet. 
These not only prevent the water from reaching the ballast, 
but also, by keeping the foot of the slope comparatively dry, 
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prevent the earth from sliding down and filling up the cut. 
There is also a marked economy in their use, as the cost is 
trifling, and all further excavation of mud and water from 
the cut is generally obviated. Should any springs appear 
in the slope, a branch line of smaller tile may be laid to meet 
it. If the slope is liable to be overflowed from the surface 
above, an open ditch should be dug a few feet beyond the 
slope stakes, leading the surface water to discharge elsewhere. 


ESTIMATES 


322. The final estimate is a complete statement in detail 
of the amount of work done and materials provided in the 
construction of the road and is the basis of final settlement 
between the company and contractor. Its preparation should 
be begun as soon as possible after the work is in progress and 
should be continued, as fast as the necessary data are accumu- 
lated, while the circumstances are still fresh in mind, and when 
any omissions in the field notes may be readily supplied. The 
content of each prismoid, the classification of its material, 
and the length of haul to which it is subject should be matters 
of special record in a book provided for that purpose. These 
results, having been carefully computed by exact methods, 
form a standard of comparison for those approximate results 
which must be had from time to time during the progress of 
the work and furnish a limit to the amounts of the monthly 
estimates. The same remark applies to all other items of 
labor and material. The notes and record of the final estimate 
should be particularly full and exact in respect to all such 
items as will be inaccessible to measurement at the completion 
of the work, such as foundation pits, foundation courses of 
masonry, culverts, and works under water. 

323- Monthly estimates. On or before the last day of 
every month during the progress of construction, measure- 
ments are taken to determine the total amount of work done 
and material provided up to that date. The estimates based 
on these measurements are called monthly estimates. It is 
frequently: necessary to take measurement for both monthly 
and final estimates at other times than the end of the month, 
as in the case of foundations which are not long ‘accessible. 
With respect to each piece of work satisfactorily completed, 
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the monthly estimate should be exact, and identical in amount 
with the final estimate. ‘With respect, however, to items of 
work in progress at the time of measurement, the monthly 
estimate is only approximate and yet should be as precise as 
the nature of the case will allow; and the quantities stated 
should not be in excess of fair proportion of the total quantities 
given on the final estimate for the same piece of work. 

A special field book is devoted to monthly estimate notes. 
Each page should be dated with the day on which the notes 
on it were taken. The notes consist of measurements of all 
sorts, principally of cross sections partially excavated. These 
sections should be at the same points on the line as the original 
sections, so that comparisons may be made. Wherever the 
excavation is finished to grade, it is only necessary to write 
“completed” opposite such stations, and the quantities may 
be taken from the final estimate or computed from the orig- 
inal notes. It is frequently necessary to retrace portions of 
the center line in taking estimate notes, so that all the field 
instruments are required, but a party of three or four men 
is usually sufficient. 

If the contractor has provided materials, such as stone and 
lumber, which are not as yet put into any structure when 
the estimate is taken, these should be measured and entered 
under the head of temporary allowance, an arbitrary price 
being used somewhat below the actual value of the material 
as delivered. Such allowances should never be copied from 
one month’s estimate to the next, but made anew on such 
material as may be found that seems to require it. But all 
completed items of contract work, and of extra work when 
ordered by the engineer, are necessarily copied from one 
monthly estimate to the next during the continuance of the 
contract. 

A blank form is used by the resident engineer in report- 
ing monthly estimates, on which a column is provided for 
each class of material and work required by the contract, 
while the several lines, headed by the numbers of the proper 
stations, are devoted to the different cuttings, structures, and 
So on, in- consecutive order as they occur on the line of road. 
The estimates are made out and reported separately for the 
several sections into which the line of road is divided for 
letting. 
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These reports are reviewed by the division engineer, and 
the footings are copied on another blank, which is the monthly 
estimate proper; the prices are attached to the items, and the 
amounts extended and summed up. This sum indicates 
approximately the total amount earned by the contractor 
up to date, from which is deducted a certain percentage 
(usually 15%), which is retained by the company until the 
completion of the contract. From the remainder is deducted 
the amount of previous payments, which leaves the amount 
due the contractor on the present estimate. A blank form 
of receipt is appended, to be signed by the contractor. 


CHAPTER XVI 


TRACK LAYING 


LINE AND GRADE 


324. After the roadbed has been prepared, the ties and 
rails are laid to approximate line, thus enabling the ballast 
train to enter. Ballast is deposited in layers of about 6 to 
8 in. and the track is gradually raised and brought into 
position, both horizontally and vertically. To secure this, 
two sets of stakes are used: the center-line stakes and the 
grade stakes. 

325. Center-line stakes. On long tangents, one stake 
in every 200 ft is sufficient; on ordinary curves, one stake 

in every 50 or 100 ft; and on 

very sharp curves, one in every 

25 ft. Once the center stakes 

are located, the rails are brought 

into position by use of the 
- track gauge. 

The center point of the track 
gauge is placed at the tack in 
a stake, and the gauge sides of 
the rails are brought into con- 
tact with the lugs at the ends 

Fre. 174, of the gauge. The rails at other 

stakes are similarly adjusted, 

and the track between successive points is lined up by eye, 
whether on tangent or curve. 

326. Curving rails. Rails for curves up to say 2° or 3° 
are bent during laying. One end is securely spiked down, and 
the other is forced into place by lining bars. Rail benders 
may be used for curving rails above these values. 

The proper ordinates for locating or bending curved rails 
may be found in different ways, of which some of the more 
usual are given in the next two sections. 


334 
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327. To find the middle ordinate m, for 1 station, or 100 ft, 
on any curve, in terms of the degree of curve D. 


Referring to Fig. 174 we have in the right triangle AGH, 
GH = GA-tan GAH 


But GA = 3AB = 3C, and (Table XLI, 18) GAH= 4AOB 
1 
= 4A; hence, 


M = 3C-tania (308) 


a general expression for the middle ordinate of any chord. 
If in this equation we make C’ = 100, A becomes D; and, 
denoting the corresponding value of M by m, we have 


m = 4100 tan iD (309) 
whence the rule, Multiply the natural tangent of } the degree of 
curve by 100 and divide by 2.. Thus, the values of m in the 
5th column of Table J have been calculated. 

328. To find the middle ordinate for any chord in terms of 
the chord and radius. 
Referring to Fig. 174, we have 


GH = OH—OG = OH-—~V AO?-GA? 


Maks lne—(£) (310) 


When C = 100, we have, for the middle ordinate of one 


station, 
n = R—~V R?—2500 (311) 


or 


For any subchord c, less than 100, we have, for the middle 


ordinate, 
“Ne 
mi = R—a/R*—(5) 
or (312) 
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If c*/64R? is added tq the quantity under the radical in 
equation 312, it becomes a perfect square, giving 


2 
m = 3h nearly (313) 
which is a very useful formula, although approximate. The 
error 1n m, does not exceed 0.002 for any subchord c when 
the radius is greater than 800. On a 20° curve the error 
will be 0.002 for a chord of 50 ft; and on a 40° curve the 
error in m, will be only 0.003 for a chord of 33 ft. Equation 
313 is therefore practically correct in all cases for finding the 
middle ordinates of rails. Table VIII is calculated by equa- 
tion 312. 

From the last equation it appears that, with a given radius, 
the middle ordinate varies nearly as the square of the chord. 
We may, therefore, find the middle ordinate of a rail whose 
length is c¢ by the proportion, 


(100)? :c2 ::m:my 


or 
2 


cm 
m = 10,000 nearly (314) 


in which m is obtained from Table I, column 5, for the given 
radius or degree of curve. 


Example. What is the middle ordinate of a 33-ft rail when 
curved for a 20° curve? 


Equation 314: 
1089 X 4.374 
= ==, Paes 
my 10,000 0.476 = 544 in. 


When a long rail is bent for a sharp curve, observe that c 
is the length of the chord of the rail—not of the rail itself. 

For the chord of half a rail the middle ordinate is one- 
fourth the middle ordinate of the whole rail. Thus, in the 
previous example it would be 0.119 or 17% in. 

Instead of using the chord of the whole rail, it may be more 
convenient to assume a chord shorter than the rail, especially 
when the chord is not an exact number of feet, knotting the 
string to the length assumed, and applying it to different 
portions of the rail successively. 
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329. Testing track curvature. The proper curvature 
of a rail is tested by measuring its middle ordinate from a 
small cord stretched from end to end and touching the side 
of the rail head. The cord 
should also be stretched from B 
the middle point of the rail to | 
either end, and the middle “”0--- >= ' 

{ 





ordinate of each half-length i 
measured, to test the wniform- Pa 
ity f curvature. 

(a) A common rule for find- Shea? 
ing the degree of curve of a os x 
track is ‘‘The middle ordinate a4 
in inches of a 62-ft chord equals Fic. 175. 


the degree of curve.” 
In equation 313 substitute 1 in. for m and 5730 for the 
radius of a 1° curve, and we have 


fod 


8(5730) 





Aa) 
== 


or 
c? = 3820, c = 61.6 or 62 ft approx. 


Finally, if it is assumed that the radius varies inversely as the 
degree of curve, the rule obtains as stated. 

(b) Another method is illustrated by Fig. 175. 

Select a point A at a rail joint; sight along a line tangent 
to the inner rail at a point as D, and note its intersection 
with the other rail at C. Count the number of rail lengths 
whole and fractional in ABC. 

Let n denote the number of rail lengths in ABC. 

Combining equation 313 and R = 5730/D, and solving for 


D, we get 
8X5730m, 


ce 


Considering the lengths of the chord AC and the are ABC 
equal, we have, for 30-ft rails, c = 30n, and, for 33-ft rails, 
c = 33n. 

This equation for the standard gauge of 4 ft 83 in. = 4.708 
ft becomes, for 30-ft rails, 


240 
D= re (approx.) (315) 
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and, for 33-ft rails, 
‘198 
D = oy (approx.) (316) 


Equations 315 and 316 give the degree of the outer rail and 
that only roughly, depending on the actual gauge, which is 
sometimes increased on curves. 

330. Grade stakes are placed at one side of the track, 
The tops of the stakes are set for the grade of the top of the 
rail, which is at a certain definite height above the “sub- 
grade’”’ of the profile and cross sections. 

Track on tangents is level transversely. If the grade is 
uniform, the elevations of stations differ by a constant amount. 
On curves, the top of the stake indicates the elevation for 
the outer rail, the inner rail carrying the regular grade. 

The track is gradually raised by track jacks and by tamp- 
ing until it is at the proper elevation, as proved by a track 
level extending from the top of a stake to the top of the 
rail. 

331. Raising track. With use, track tends to work down 
below grade. It is raised by jacking and tamping ballast 
under the ties, concentrating the tamping near the rails so 
that track will be stable laterally. Grade stakes for raising 
track are established as follows: 

Before the work is begun, an accurate profile is taken of the 
top of both rails at 50-ft intervals. These profiles are plotted 
to a vertical scale large enough to show hundredths of a foot. 
The desired profile is determined graphically. It is composed 
of straight lines and curves drawn with curve templates 
representing the top of the “profile rail.’ On curves this is 
the inside rail, and on tangents it can be either rail, but a 
certain rail is usually designated as the profile rail for the 
entire railroad. 

The profile must be arranged so that it will produce smooth 
riding qualities, require a minimum of raising track, and not 
require either rail to be lowered at any point. The raise at 
each point is sealed from the final profile. 

The grade stakes are set about 1 in. inside the profile rail. 
They are driven so that the top of the stake is above the base 
of rail by the amount of the raise required. This is measured 
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with a short scale from the side of a pencil pressed upward 
against the base of the rail and extending to the stake. 

The profile rail is raised according to the stakes, and the 
opposite rail is set from it, using a track level. The required 
superelevation on curves can also be set with the track level. 

This method has two advantages. An instrument is re- 
quired only for the original profile, and the grade stakes are 
nearly flush and therefore out of the way. 

332. Rate of grade. The rate of grade or merely the grade 
is the change in elevation in a given horizontal distance. It 
is usually expressed in terms of a per cent or a ratio, due 
account being taken of sign. For example, if in a horizontal 
distance of 50 ft there occurred a fall of 2 ft, the rate of grade 
(or grade) would be —4% or —0.04. 

333. Grade lime. A grade line is the profile of future con- 
struction. 


VERTICAL CURVES 


334. An abrupt change in rate of grade which would be 
indicated by an angle in the grade line cannot be tolerated in a 
railroad track or in a highway pavement. Accordingly, 
straight grade lines are always connected by curves in the 
profile called vertical curves. 

335. Change in rate of grade. A change in grade is 
defined as the preceding grade subtracted from the following 
grade with due attention to signs. 

A summit may be defined as a change from a positive to a 
negative grade and a sag as the reverse. Changes in grade 
requiring a vertical curve may also occur between two grade 
lines having different grades of the same sign. 

336. The shape of a vertical curve. To produce the 
best riding qualities, a vertical curve should be such that the 
change in grade is uniform throughout. Such a curve is a 
parabola having a vertical axis. As elevations on such curves | 
are easy to compute, they are used exclusively for vertical 
curves except when a graphic solution will suffice. 

337. The properties of a parabola. The general equa- 
tion for a parabola whose axis is parallel to the Y axis is the 


following: 
y = ax’+be+e (317) 
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338. The slope. The slope of this curve at any point is 
given by the derivative, 


ou = 2ax-+b (318) 


339. The rate of change of slope. The rate of change of 
slope is given by the second derivative, 


d’y 

In a vertical curve, the rate of change of slope is the rate at 
which the grade changes. It is called the rate of change of 
grade. Since 2a is a constant, the grade changes uniformly 
throughout the curve, which is the desired condition. By 
specifying the value of 2a, the desired vertical curve is obtained 
in the same manner as, by specifying the value D, the desired 
horizontal curve is obtained. 

340. The difference in elevation between a vertical curve and 
a tangent to 2 ts equal to the value a multiplied by the square 





Fia. 176. 


of the horizontal distance from the point of tangency. This 
may be proved as follows. 

(Fig. 176) Let NPT be any vertical curve having a tan- 
gent 7S at any point 7. Construct a rectangular coordinate 
frame so that the Y axis is vertical and passes through T, 
and the X axis is at a distance C’ from 7’ as shown. The equa- 
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tion for the parabola will then be equation 317, in which the 
values of y are differences in elevation and the values of z 
are differences in plus. 

Construct TR parallel to the X axis. 

At any point P on the parabola where x = xp and y = Yp, 


Yp = QR+RS+SP 


But 
Qk =C 
RS = slope of parabola at the Y axis 
(where x = 0) multiplied by zp 
= (2ar-+b)rp = (0+0)xp 
6 from equation 318 


= brp 


Substituting gives 
yp = SP+btp+C 
but 
Yp = Axty’+brp+C from equation 317 


Equating gives 
SP = az, (320) 
Q.E.D. 


Corollary 1. The horizontal lengths of any two tangents 
from a point to a vertical curve are equal. 





S 
}<— ty —>+<— t, —>4 


Fie. 177. 
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(Fig. 177) Let t and ta be the horizontal lengths of two 
tangents from the point S to a vertical curve. 
Construct SP vertically from S to the curve. 
Then, 
SP; =\aty?: = ate? 
Hence, 
t, = te Q.E.D. 


Corollary 2. A chord to a vertical curve has a rate of grade 
equal to that of the curve at a point halfway (measured hori- 
zontally) between the points of intercept. 


by 


Fy 
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ml 


D 


(Fig. 178) Let AB be any chord of a vertical curve having a 
horizontal length 2d. 

Construct the tangent DTC so that the point of tangency 
T is halfway (measured horizontally) from A to B. 


d' =d_ by construction 
AD = BC from equation 320 
AD || BC by construction 


Hence, ADBC is a parallelogram having opposite sides equal 
and parallel, and 
AB || DC Q.E.D. 


341. The procedure for computing a vertical curve. 
The steps used in computing the elevations for a vertical 
curve follow in order. The actual vertical curve computed 
is shown in Fig. 180. The results of each computation are 
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given with each step. The units used throughout are: for 
elevation differences, feet; for horizontal distances, stations 
(that is, units of 100 ft); for rates of grade, per cent. 

1. Choose a value for 2a. 2a is here expressed as the rate 
of change of per cent of grade per station. For example, if a 
vertical curve of 4 stations ran from a plus grade of 3% to a 
minus grade of 5%, the value of 2a would be —2% per station, 
that is, a total change of —8% in 4 stations. Thus: 


_ 3 
26 = Bion mito = —2% per station 
 4sta. 


In railroad practice, the velocity of the traffic governs the 
value used for 2a. Usually in sags 2a is held at +0.1% per 





Road 
surface 


Fia. 179. 


station and on summits —0.2% per station. ‘See also § 346. 

In highway practice the sight distance is important, and the 
value of 2a is often computed from it. For example, if. it 
were desired that two points d stations apart and each h ft 
above the pavement, should be intervisible, the value of 2a 
would be derived as follows (Fig. 179): 


h= -a(2) from equation (320) 
or 
2a = = (821) | 
Assume 


h = 3’ 9” or 8.75 ft 
d= 7 sta. (Z00/ft) 


2a = —0.612% per station. Choose —0.6% per station 
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2. Determine the rates of grade of the two grade lines 
(tangents) and the plus and elevation of their intersection V. 

The final grade lines for a location are usually worked out 
on profile paper. The rate of grade for each straight section 
is determined by taking off elevations at two widely separated 
stations and dividing their difference in elevation by their 
difference in the plus. In railroad practice, the grades are so 
light that a slight change in the plus of the intersection V 
of two grades has very little effect. Accordingly, the inter- 
sections are usually placed at stations, and their elevations 
are used in computing the grades. In highway practice the 
steeper grades usually prevent this procedure, and the posi- 
tions and elevations of the grade intersections must be com- 
puted. 

Example. Required to compute the elevations for every 
station and half station of a vertical curve to connect the two 
tangents, defined below, and having a value of 2a = —0.6% 
per station. 








Back Tangent Forward Tangent 
Sta. Elev. Sta. Elev. 
30 38.5 45 58.4 
40 59.6 55 45.5 
Diff. = 10 21.1 10 —12.9 
Grade = +2.11% —1.29% 


To find the plus and elevation of V (Fig. 180). 

Let x = the number of stations that V is beyond station 
40. Equating the two expressions for the elevation of V, 
we have 

59.6+2.11z = 58.4+-1.29(5—2z) 


z = 1.5441 
Plus V = 41+-54.41 
Elev. V = 62.86 


3. Compute the length of curve expressed in stations, L. 
L is equal to the total change in grade go—g; divided by the 
rate of change of grade per station, 2a. 


g2—-91 
2a 


fo 





(322) 
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Substituting gives 
fe —1.29—2.11 — 5.6667 st 
= BGG = iy sta. 
v_ 414 5441 
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4, Compute the plus of the P.C. and the P.T. From corol- 
lary 1: 
Plus P.C. = plus V—3$L = 38+71.08 


Plus P.T. = plus V+3L = 444+37.74 


These values give the lengths of the subchords at the P.C. and 
the P.T. 
5. Compute the elevations of the P.C. and the P.T. 


Elev. P.C. = elev. V—3Lg, = 62.86 —2.8333(2.11) = 56.88 
Elev. P.T. = elev. V+3Lge = 62.86-+2.8333(—1.29) = 59.21 
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6. Compute the elevatings of the curve. There are two 
chief methods of SEES vertical curves. Either can be 
used for any vertical curve desired. Both methods are 
described here. Examples of each are worked out for the same 
curve. 

342. Method 1. Construct chords connecting the adja- 
cent points on the curve where elevations are desired including 
the P.C. and the P.T. See Fig. 180. 

(a) Compute the changes in rates of grade. Compute the 
change in rate of grade 6; between the tangent and the first 
chord. Since the chord is parallel to the curve at its mid- 
point (corollary 2), this change is equal to the change in 
rate of grade of the curve from the P.C. to a point above the 
mid-point of the chord, or 





1 
1¢ 
3, = —2 
t100 — 
log92 
5 =e —0.6) = —0.0 
Mead cr ia Me 0.0868 


Compute 59, the change in rate of grade between the first 
and second chords. This is equal to the change in rate of 
grade of the curve from the point above the mid-point of the 
first chord to the point above the mid-point of the second 
chord. 


1 1 
3Cit+sCe 
pee sD Be 5, 
2 100" *= 
5 | 228.92 900+ 0.6) = —0.2368 
ae ay LOO ee 


Compute: 43, 54, ete. = (50/100) (—0.6) = —0.3. 

Compute the changes in rate of grade at the P.T. and the 
point just previous to the P.T. in a manner similar to that 
at the P.C. and the point immediately following the P.C. 
See Fig. 181. 

Check. The sum of the changes thus computed should be 
equal to the total change in grade between the tangents 
(—3.40%). 

(6) Compute the grades of the chords. Beginning with the 
rate of grade of the first tangent, add each 6 successively, thus 
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Change inne Diff, in 





ius in Grade fo) Ele- Ele- Elev. | 
Station Chord 5 Chord yation vation Used 

P.C. 38+71.08 56.88 56.88 
+0.5851 

39 57.4651 57.47 
+0.8932 

39 + 50 58.3583 58.36 
+0.7432 

40 59.1015 59.10 
+0.5932 

40 + 50 59.6947 59.69 
+0.4432 

41 60 1379 60.14 
+0.2932 

41 + 50 60.4311 60.43 
+0. 1432 

42 , 60.5743 60.57 
—0.0068 

42 + 50 60.5675 60.57 
—0.1568 

43 60.4107 60.41 
—0.3068 

43 + 50 60.1039 60.10 
0.4568 

44 59.6471 59.65 
—0.4441 


P.T. 44+87.74 59.2080 59.21 








obtaining the grade of each chord and, finally, the grade of 
the second tangent (—1.29%). The grade of the second tan- 
gent thus computed should check with its actual rate of grade. 

(c) Compute the differences in elevation. Since the hori- 
zontal length and the rate of grade of each chord is known, the 
differences in elevation between the ends of the chords can 
be computed. These differences represent the differences in 
elevation between the points on the curve where elevations 
are desired. 

(d) Compute the elevations. Beginning with the elevation 
of the P.C. compute the elevation of each point on the curve 
by adding successively each difference in elevation. The eleva- 
tion of the P.T. obtained by this means should be equal to 
the elevation previously established for it (59.21). 

Notes on computation. The form of computation is given 
in Fig. 181. It will be found more convenient to carry out 
the values to four places of decimals so that accurate checks 
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are obtained. It may be noted that the differences in eleva- 
tion change by uniform Yncrements where the chords are uni- 
form in length. The increments are equal to the change in 
rate of grade per station multiplied by the square of the length 
of the chord in stations. 


C 2 
in diff. in elev. = ( —} (2 
Increments in diff. in elev. (=) (2a) 


= (=) (06) a 2o:15 


In the example, the differences in elevation change by the 
increment —0.15 from station 39 to station 44. It is therefore 
unnecessary to compute the part of the table outlined by the 
rectangle. 

The final elevations are usually reduced to the nearest 
hundredth of a foot. 

343. Method 2 (Fig. 182). Method 2 for computing the 
elevations is based on equation 320. 


9.63 ft 





4.289 sta. 





Fra. 182. 
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(a) Compute the horizontal distances from the P.C. of all 
the points on the curve whose elevations are desired. These 
are known as values of x. See Fig. 183. 

(6) Compute the x? values. 

(c) Multiply the x? values by a. These will be the vertical 
distances from the tangent to the curve at the points required: 

(d) Compute the tangent elevations for the same plusses. 
The first tangent is produced to a point above the P.T. 

(e€) Compute the elevations of the curve. The values of 
az’ are the differences in elevation between the vertical curve 
and the first tangent (equation 320). The curve elevations 
are obtained by subtracting these values from the elevations 
of the corresponding points on the tangent. The elevation 
of the P.T. computed by this means should agree with the 
elevation of the P.T. previously established. 

Notes on computation. If it is desired to reduce the size 
of the values of x”, the az? values can be computed partly 
from one tangent and partly from the other. When the second 
tangent is used, the values of x are measured from the P.T. 





Tangent Elev. 

Station z a2 az? Elev. Used 
P.C. 38+71.08 0.0 0.0 0.0 56.88 56.88 
39 0.289 0.08 0.02 57.49 57.47 
39+50 0.789 0.62 0.19 58.54 58.35 

40 1.289 1.66 0.50 59.60 59.10 
40+50 1.789 3.20 0.96 60.66 59.70 

41 2.289 5.24 153% 61.71 60.14 
41+50 2.789 7.78 2133 62.76 60.43 

42 3.289 10.82 3.25 63.82 60.57 
42+50 3.789 14.36 4.31 64.87 60.56 

43 4,289 18.40 5.52 65.92 60.41 
43+50 4.789 22.93 6.88 66.98 60.10 

44 5.289 27.97 8.39 68.04 59.65 
P.T. 44+437.74 5.667 32.11 9.63 68.84 59.21 

Fia. 183. 


This method provides no checks. It can be checked by com- 
puting separately from both tangents. 

344. Simplified method. It will be found that, if the 
P.C., the V, and the P.T. come exactly at stations, the work 
is considerably simplified. This can be effected by adjusting 
the grades to bring V at a station and then adjusting the 
length of the curve to an even number of stations, as follows: 

Solve (equation 322): 

Pahl 
i. 2¢ 
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Then, taking the neargst even value of L snd solving give 
a a 
~ L 


The value of 2a thus obtained is then used throughout the 
usual computation. 

345. Short vertical curves. Short vertical curves and 
highway crowns can be computed by adroit use-of equation 320 
and the values shown in Fig. 184 which may be easily proved. 





she ate &L& 


ya4og)’ 
Fre, 1S. 

346. As to desirable values for the linear deflection 2a, 
the American Railway Engineering Assdciation has recom. 
mended the limits of Q.10 on summits, and 0.05 in sags for 
first-class roads with heavy traffic, whereas for minor roads 
with light traffic these limits may safely be doubled. It would 
be well to change the limit of 0.05 to 0.06 in arder to avoid 
the third decimal place in figuring grades. 
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342. Elevation of the outer rail on curves. When a 
Car passes around a curve, a centrifugal force is developed 
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which presses the flanges of the wheels against the outer 
rail. This foree acts horizontally and varies as the square 
of the velocity and inversely as the radius of the curve. De- 
noting the centrifugal force by F, we have from the theory of 
mechanics, F = We /32.166R, in which W = weight of 
loaded car in pounds, » = velocity im feet per second, and 
R = radius of curve in feet. 


= B 
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In Fig. 185 denote BA by W, BC the horizontal component 
of W by FP’, and be by e = elevation of the outer rail. From 
simailar triangles abe and’ ABC, 


We 
‘B= KF = — 
4 ab 


Equating F’ and F, and solving for e, we get 
pueda 
" 32.166R 


The distance ob is the horizontal distance corresponding to 
the inclined distance between bearing points of the wheels 
on the rails. This is approximately equal to 4.9 ft. 

The velocity of the train, V, is usually given in miles per’ 
hour whereas that in equation 323 is in feet per second, v. 
Now 3600v/5280 = V and » = 5280V/3600. Inserting this 
value of vin the equation together with the value of ab = 4.9 
and collecting terms, we get 


(323) 


e= o.s278 (in feet) (324) 


= 0.000686V7D (in inches) (324A) 
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Ordinarily, the inner rail of the curve is kept at the grade, 
the outer rail being elevated the full amount e. On some 
roads, however, the center line defines the grade and then 
the outer rail is raised $e, and the inner depressed 4e. 

The first part of Table IX is given in thousandths of a foot 
and is based on equation 324 where ab = 4.9 ft. The second 
part of this table is given in fractional parts of an inch taking 
ab = the gauge = 4’ 83’ = 4.708 ft. This part of the table 
is from the Manual of the American Railway Engineering 
Association. 

348. The proper elevation may be found mechanically 
by the following method: 

To find on a curved track the length of a chord whose middle 
ordinate shall equal the proper elevation of the outer rail for 
any velocity V in miles per hour. 

By the conditions of the problem, we have m in equation 
313 equal to e in equation 323, or 
ec? ~—- g V0.06688 


8R R 
c = 0.73144V-Vg (325) 

When g = 4.708, 
e = 1.587V (326) 


Lay off the chord c on the rail of the track, stretch a piece 
of twine between the points so found, and measure the middle 
ordinate; it will equal the proper elevation. 

349. The velocity assumed in the preceding formulas should 
be that of the fastest regular trains which will pass over the 
curve in question, since the flanges would be forced against the 
outer rail were there no centrifugal force developed, by reason 
of the wheels being rigidly attached to the axles, and the 
axles being parallel. 

The rails on tangents should be level transversely except on 
very flat curves where spirals are not employed. In such cases 
one rail of the tangent is gradually elevated, beginning a 
short distance from the P.C. and the P.T. At a P.C.C. the 
elevation should be an average of the elevations due to the 
two arcs. Owing to the difficulty of properly adjusting the 
elevation of rail, it is objectionable to have ares of very dis- 
similar radii join each other; and the objection igs much 
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greater in the case of reversed curves unless separated by a 
short tangent. See § 70. 

On the other hand, a short tangent between arcs which 
curve in the same direction should be avoided, since it makes 
a “flat place” both in line and levels, at once unsightly and 
injurious to the rolling stock. 

In the case of turnouts, however, no elevation of rail is 
possible (except when both tracks curve in the same direction). 

350. Owing to the expansion of the rails by heat, a space 
must be left at the rail joints. The highest temperature of 
a rail in the summer sun is about 130° F. 

If the temperature of the rails when laid is this amount, 
they should be laid close together, but if at a lower tempera- 
ture an allowance should be made. 

The coefficient of expansion for iron or steel is about 
0.0000065. When 33-ft rails are laid at a temperature of 
90° F the expansion spacing should be 33 (130-90) 0.0000065 
or 0.0064 ft, and similarly at other temperatures. 

Many railroads furnish their track-laying crews with a table 
giving the correct amount of expansion spacing needed at 
different temperatures, and properly marked metal shims are 
provided for field use. 

Wherever sidings are required, the necessary frogs and 
long switch ties should be provided in advance, so that they 
may be put in place at the time of laying the main track. 
For every road crossing at grade, heavy oak plank should 
be provided and laid on the ties as soon as the rails are spiked, 
so that the highway travel may not be impeded. 


CHAPTER XVII 
STRING LINING CURVES 


351. Under the impact of traffic, track alignment is subject 
to continual change. Curves develop flat or sharp spots and 
poor spirals, which produce lateral shock and sway in the trains 
moving over them to an extent unpleasant to passengers, 
injurious to track and roadbed, and sometimes dangerous. 
To reduce the recurring costs of maintaining smooth curve 
alignment it is important that a method be employed which 
requires the minimum moving or “throwing” of track. The 
methods employed for giving original alignment when applied 
to track already in place are cumbersome, usually require several 
laborious trials, and cause excessive track throwing. 

The method known as string lining curves, here described, 
fulfills the foregoing requirement with very little field work 
or computation and is so inexpensive, accurate, and flexible 
that it should always be employed for the realignment. of 
curves. 

35%. The procedure involved requires four steps, briefly 
(Fig. 186): 

1. Marking the outer rail at regular intervals throughout 
the curve. 

2. With a string and scale determining the middle ordinates 
at these points. 

3. From the middle ordinates measured, computing the dis- 
tances which the track must be moved or “thrown.” 

4. Setting stakes with tacks to show the new position of the 
track and throwing the track accordingly. 

After the track has been thrown, the middle ordinates of the 
new position should be measured as a check on the computation 
and the accuracy with which the track has been thrown. 

353. Two principles are involved: 

1. On a curve of constant curvature middle ordinates at all 

354 
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points are equal when measured from chords of equal length 
(apparent from equation 310). 
2. Middle ordinates when measured from chords of equal 
length are proportional to the degree of curvature (very nearly). 
In equation 313, substituting for R its value given in equa- 
tion 5, we have 


fo 


my 45,8400 nearly (827) 

With ¢ constant, m1 varies directly as D. 

It is evident that, exclusive of spirals, the middle ordinates 
should be equal throughout a curve or each arc of a compound 
curve. Where spirals occur or are to be introduced, the 
middle ordinates should vary as it is desired to make D vary. 
Since it is a basic principle of all types of spirals that D shall 
change uniformly at a rate proportional to the distance, the 
ordinates should change by uniform increments, that is, form an 
aruhmetic progression. 


MARKING THE RAIL 


354. Position of Marks (Figs. 186 and 187). Keel marks 
are placed on the unworn portion of the inside of the head of 
the outer rail and numbered on the web at intervals (measured 


Mark 


4 


Fie. 186. Fig. 187. 





with a metallic tape) equal to one-half the chord length, 
throughout the curve and far enough on adjacent tangents to 
obtain middle ordinates of zero for six or seven stations. 

355. Intervals. On main-line track a 30-ft to 40-ft interval 
gives excellent alignment control without unduly elaborating 
the work. Using rail joints for stations eliminates taping 
but gives inaccurate middle ordinates. It is convenient for 
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subsequent determination of superelevation to employ an 
interval which, with the un¥t used for middle ordinates, gives 
approximate D without computation. 

The following intervals, computed from equation 327, are 
suggested: 


Unit Used 


Interval for Middle p = measured middle ordinate 
G chord) ft Ordinate unit listed below 

31 gs in. Inches 

31 % in, Inches 

34 0.01 ft Tenths of feet 

31 0.1 in. Inches 

25 4 in, in. 

15,5 Solty Zin, 

ill % in, % in. 


The three last intervals listed are recommended only for 
sharp curvature. 

For siding and yard alignment where the minimum allow- 
able radius occurs, the interval should be one-half the wheel 
base of the locomotive used.. Sharp spots which might cause 
derailment will thus be discovered. 

While the rail is being marked, positions should be recorded 
of objects which might limit throws. Chief among these are: 
adjoining track, signals, fences, and retaining walls, where 
clearances must be maintained; and bridges, turnouts, inter- 
locking, and platforms, where the movement of the ties is 
limited. 

At highway crossings often no throw at all can be used. 


MEASURING MIDDLE ORDINATES 


356. See Fig. 186 and Table A. A strong light string, 
fishing line, or wire, held taut, is pressed firmly against the 
marks at stations 0 and 2, and the middle ordinate (hereafter 
called ordinate) is measured at station 1. The string is then 
held at stations 1 and 3 and the ordinate measured at station 
2, and soon. A wooden rule or a 1-ft section cut from a steel 
tape can be used. Often at the ends of the spirals a minus 
ordinate is found where the curve reverses slightly as it runs 
into the tangent. To measure these, the ends of the string 
should be held 1 in. or 0.1 ft off the inside of rail head by 
wooden or aluminum gauges, and this unit should be sub- 
tracted from the ordinate measured. To simplify computa- 


§ 357] COMPUTING THROWS 357 


tion, hundredths of feet or tenths of inches should be recorded 
as whole numbers, the decimal point being eliminated. 
Eighths or sixteenths of inches should be recorded as read and 
later reduced to whole numbers; for example 33 in. is reduced 
to 28 eighths or 56 sixteenths. 


COMPUTING THROWS 


357. The distance which the track is moved outward at 
any point is generally known, and hereafter designated as a 


e” 





Fra. 188. 


plus throw; a throw in the opposite direction or “in,” a minus 
throw. 

In Fig. 188, let a, 6, c, d, e be the marks on track and bb’, 
cc’, and dd’ be the respective measured ordinates. 

Then if a plus throw is made at c, equal to cc’’, and the 
ordinates remeasured, the ordinate at c will have been in- 
creased by cc’’, and the ordinates at b and d will have been 
decreased by b’b” and by d’d’’, respectively. 

But on an actual railroad curve b’b”, cc’’, and d’d’’ will be 
so nearly parallel that b’b’” = d’d” = 4cc’’. 

The rule may be stated: 

Rule I. A throw at any station will produce a change in 
the ordinate at that station equal to and of the same sign 
as the throw, and will also produce at the two adjacent stations a 
change in the ordinates equal to one-half the throw and of 
opposite sign to the throw. 


Corollaries 


Rule II. The sum of the resulting ordinates must be equal to 
the sum of the original ordinates. 

Rule III. The throw at the first and last station of a curve, 
as finally computed, must equal zero. 
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(Since a throw affects the ordinate at adjacent stations, the 
tangent would be interfered’ with if the throw at the first and 
last stations of the computed curve is not zero.) 

Note: Minus throws may be applied to the tangents be- 
yond the original curve, thus lengthening the spirals, but these 
throws must be chosen so that no minus ordinate (showing 
reversed curvature) will be created in the final curve. 

Several methods of computing throws have been devised. 
Two methods are here described. The first method is rapid, 
accurate, and dependable and should be used except where 
special requirements necessitate the second method. 


FIRST METHOD OF COMPUTATION 


358. Example 1, Table A. Listed in the second column 
are the measured ordinates representing a curve obviously in 
need of alignment. 

(a) (Note letter in table.) At station 9 the spiral is too flat 
and at station 8 too sharp. Try a throw of —6 at station 8. 
From rule I the resulting ordinates at stations 7, 8, and 9 
will be 16, 8, and 5. 









































TAB 
Stations Mepswred Resulting Ordinates 

1 0 
2 2 1 
3 3 b 5 
4 12 vy 9 
5 fase |e a BY (alien BES ia 
6 12 Te i ee ee ee 
if 13 ai 16 c pre cagith a Niae one 
8 14 il a is 9 re 
9 Py oe I ae 

10 

11 0 
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(b) At station 3 the spiral is too flat and at station 4 too 
sharp; try a throw of +2 at station 3. 

(c) At station 7 the ordinate of 16 is too large. 

(d) At station 4 the ordinate is too large for spiral, and at 
station 5 too small. 

(€) Self-evident. 

The final ordinates are listed for study in the fourth column. 
The trial throws are added algebraically (when more than 
one throw is made at a given station) and collected in the last 
column. 

When the final ordinates are examined, it is evident that 
they represent a perfect curve. The ordinates on the curve 
proper are all equal (13), and the ordinates in the spirals vary 
in arithmetic progression. The ordinates at stations 2 and 10 
are measured from chords extending to points on the tangents 
and are, therefore, less than required by arithmetic progres- 
sion. 


Dea = oP Orel 18" 


LEA 





] . Final 
Ds Trial Throws Throws 


0 
1 


Tihs ed #2 


9 








| 


















































360 - STRING LINING CURVES [Cu. XVII 


The spiral extends from about station 1.5 to station 5, or 
119 ft, which, with referencé to Table XXXIII, will permit a 
speed of 60 mph. 

359. Example 2. The process illustrated in Example 1 
is elaborated in Example 2, and a further corollary to rule I 
is employed. 

Corollary to Rule I. 

Rule IV. A series of equal throws applied at a series of 
adjacent stations will produce a change in the ordinates at the 
first and last station in the series equal to one-half the value of 
one of the throws and of the same sign as the throws and, 
at the station immediately preceding and that immediately follow- 
ing the series, a change in the ordinates equal to one-half one 
of the throws but of opposite sign to the throws. 





























TABLE B 
SS a ee ee Pee 
Sta. Resulting Changes tees Throws 

1 —a =a 
ee gee ae +a 42a 

3 —a+2a-—a 0 +2a 
eae ahs 0 42a 
=e —a+2a—a 0 +2a 
ray —a+2a +a +2a 
eT —a —a 


Table B. Let a series of five throws of +2a be applied. 
Computation of the resulting changes is shown above. The 
inal changes illustrate rule IV. It is evident that rule IV 
may be applied to a series of any number of stations. 

Table C. The trial throws are lettered in the order in 
which they were made and a corresponding letter placed at the 
ordinates resulting from each particular throw or series of 
throws. The computations can thus be followed. The rea- 
son for the application of each throw is reasonably obvious. 
It is evident that there is no limit to the number of solutions 
possible. The finish to which the solution is-extended de- 
pends on the degree of perfection desired in the curve. 
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Note that, in the solution shown, D varies from 2° 24’ to 
2° 36’—too small an irregulakity to impair seriously the riding 
qualities of the curve. The spirals are nearly perfect, the 
ordinates having a common difference of 5 and 6. The 
length of spiral is about 153 ft, limiting the speed to 50 
mph. 

Throws are required at only 12 stations, and the maximum 
throw is only 0.14 ft. 


SECOND METHOD OF COMPUTATION 


360. When it is desired to obtain a more perfect curve, 
or to increase the limiting speed on the curve by lengthening 
the spirals or reducing D, or where the throws are limited, the 
complexity of the problem often makes it necessary to use a 
more direct method of computation than that given by the 
jirst method. 

It is possible to choose in advance a set of desired ordinates 
and then to compute the throws necessary to produce these 
ordinates, making such adjustments as are necessary to com- 
ply with rules IJ and III. The desired ordinates may be 
first chosen by approximate computations, but a graphical 
method is recommended.! Both are explained in Example 3. 

At any station the measured ordinate minus the ordinate 
desired will be called the error. 


TABLE D 








Required 


Resulting Changes Required Throws Half-Throws 





+2a a 
















2 

3 |c}—a |+4a+2b]—3a—2b—c |]+4a+2b 2a+b 

4 |d —2a—b |+6a+4b+ 2c}]+ 6a+ 46+ 2c 8a+2b+c 
5 ile —38a—2b—c 


+8a+6b+ 4c+ 2d |4a+3b+ 2c+d 


etc. etc. 





1 Suggested by Rev. J. C. McCoy, Lebanon, Ohio. 
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Table D. Let the errors for the first stations on any curve 
be a, b, c, d, ete. In order to cancel the error a at station 1, 
a throw of 2a must be applied at station 2. This changes the 
error at station 2 to b+2a and at station 3 to c—a. To 
cancel the new error at station 2, a throw of 4a+2b must be 
applied at station 3, etc., as shown. 

But note that, adding the errors cumulatively to and includ- 
ing the error at each station, we have 


Station Error Sums 
i a 
2 a+b 
3 a+b+c 
4 a+b+c+d 
5 etc. 


Again adding cumulatively these error sums to, but not includ- 
ing, the error sum at each station, we have 


Station Results 
1 
2 a 
3 2a+b 
4 3a+2b+c 
5 4a+3b+2c+d 


etc. 


The resulting expressions are equal to one-half the required 
throws. Note Table D “required half-throws.” It is thus 
possible: 

1. To compute directly the required throw. 

2. To determine the effect of any particular error on any 

designated throw. 

Table E. When these principles are applied to example in 
Table A, Table E results. Arrows indicate the direction of 
the additions. 

As is shown later, it is usually necessary to change some 
of the throws, after the first computation (or trial) has been 
completed. From Table D the following rule is evident: 

Rule V. Any change in an error will change any subsequent 
half-throw an amount equal to the product of that change and 
the difference found by subtracting the station of the error 
from the station of the half-throw. 

Expressed in an equation: 


Cr = Cr(Sr—Sz) (328) 
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when C'7 = change in half-throw 
Cz = change in errér 
Sp = station of half-throw 
Sz = station of error 


TABLE E 










Measured Required 
Sta. Ordinates Ordinates Errors 

















1 0 0 0 
Se 2 1 ei 
ae 3 5 
i oie 9 
~LigailPinatle 13 
CG GU haligh: 13 
ce aes: 13 
Disc haletd 9 
ron 2 5 
“10 1 1 
atin 0 0 





TABLE F 

















Sta, | Measured | Required | Errors |ErrorSums| qo 
st 0 0 0 0 
al She 2 @ 0 0 0 
i Bhi 3 5 =2 2 0 
| 8 18 9 +3 +1 2 
eae (10 @ —2 -1 Es iy 
eh SR 13 = at) —2 
rere ® re —j 3 
Ag ahinedea 9 +5 4 = 
ak i 2 5 3 i 24 
at6 | 1 @) —1 0 0 


_ 
ay 
o 
o 
o 
f=) 
o 
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Table F presents a computation for the same curve as shown 
in Table E. Four required ordinates have been changed as 
indicated by circles. Note the changes in errors which result. 

The direct computation of the change in a half-throw by 
equation 328 is illustrated below for station 8. At station 8 
the half-throw of —3 in Table E has been changed to —5 in 
Table F, a change of —2. 

By equation 328: 

(—1)(8—2) = —6 
(+1)(8—5) = +3 
(+1)(8—7) = +1 


| 


Sum = —2 


To comply with rule II, changes in errors are usually intro- 
duced in pairs of equal quantities but with opposite signs, 
as in Table F. 

Equation 328 can then be modified as follows: 


Cr+Cr’ = Cx(Sz’—Sz) (329) 


The change in half-throw at station 11 equals zero and may 
be computed thus: 
(—1)(5—-2) = —3 
(+1)(10—7) = +3 


Sum = 0 


361. Example 3. Assume that it is necessary to align 
the curve shown in Table C to permit a speed of 55 mph 
and that no throw of over 0.6 ft is to be used. 

From Table XX XIII, for a 2°30’ curve, a spiral of 180 ft 
or 5.3 stations is required. The following ordinates give a 
spiral of this length: 3, 7, 11, 15, 19, 23. 

The sum of the measured ordinates is 496, to be divided 
among 26 stations. The two spirals account for 156 and 12 
stations, leaving 340 and 14 stations for the curve proper, — 
that is, 10 stations of 24 and 4 stations of 25. 

Instead of the desired ordinates being computed, they may 
be obtained graphically (Fig. 189). The measured ordinates 
are plotted. The curve is then represented by straight lines 
which strike an average of the measured ordinates. The hori- 
zontal line represents a circular arc, and the sloping lines, the 
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spirals. The steepness of the slope between any two ordinates 
represents a measure of the Shock to the train. As the circular 
are should be as long as possible, the spirals should be straight 
lines which reach the ordinate of the main curve as quickly 
as possible with the minimum slope. The number of stations 
included in the spiral should be close to the value necessary 
to make the spirals the required length. 


Ordinates 





Stations 
© = Measured ordinates o = First set of desired ordinates 
Fra. 189. 


After lines are drawn, the desired ordinates are chosen by 
selecting points for each station which fall on or as near to 
the line as possible. After the first choice, no further use is 
made of the diagram. 

Table G shows complete tabulation of the computation. 
Three trials were necessary, listed under columns A for the 
first trial, columns B for the second trial, and so on. 

Trial A. The required ordinates were set up according to 
the foregoing explanation. This arrangement resulted in a 
half-throw of +1 at station 26, violating rule ITI. 

Trial B. By equation 329, Cr+Cr’ must be introduced 
equal to —1 for station 26. If Cz of —1 is introduced at 
any station, and at the next station Cg’ of +1 is introduced, 
rules II and III will be satisfied. These changes may be 
placed at any point on the curve. Stations 11 and 12 are 
probably the best locations, and, by equation 329, 


(—1)(2—11) = -1 


The complete results are tabulated in columns B. 
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Trial C. But the requirement of a maximum throw of 
0.6 ft limits the half-throws to 30. At station 16 the half- 
throw is —47, requiring a change of +17. 

The changes were introduced where they caused the least 
disturbance to the curve, and the computations are listed here. 
a and 6 introduce the required change of +17 previous to 
station 16, and c, d, e, and f compensate, following station 17, 
bringing the throw at station 26 back to zero. 


a (+1)(12-—5) =+7 
b (+1)(16—6) = +10 
Ch M1 Oil) ee 
d (—1)(23—18) = — 5 
e1 “K—1h@519) — — 6 
fi (S190) 230) ee 1 

Sum = 0 


The maximum half-throw is now 30, D varies between 2° 24’ 
and 2° 30’, and the spiral interval is 4 except between stations 
4 and 5, and 24 and 25. These variations are too small to 
damage the riding qualities of the curve. 

362. Example 4. In Table H, a further solution is shown. 
The required ordinates have been chosen to sharpen the curve 
at the center and thus reduce the center minus throws. 

363. Example 5. A slightly modified computation is illus- 
trated in Table I, particularly applicable to long curves. 
The requirements are 60 mph and maximum throw 0.6 ft. 

Trial A. A proper spiral is introduced and the half-throws 
determined through station 14. To continue trial A is unnec- 
essary. 

Trial B. The half-throws are too large from station 9 to 
14; so minus error changes are introduced at the beginning 
of the curve at stations 0 through 5 and then balanced at 
stations 10 through 13 and trial continued through station 19. 


@ . (—I)d0—0y =. —10 
(AGES) =e 
(1) = 2) 0 
(—1)(13—3) = —10 
(=) @3—8 4.5.9 


Sum = —49 
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TABLE H 
a Required 
2 2 8 Ozdinates Errors Error Sums |} Half-Throws; 
&| ad 
~~ Sh 
3| 86 
ale A B A B A B A B 
1 2 —- 2 — 2 0 
2 6 — 2 4 — 2 
3 10 + 2 — 2 — 6 
4 14 — 2 — 4 — 8 
5 18 6 ae we —12 
6 22 c= fil at 1 —10 
7 25 + 3 + 4 - 9 
8 25 0 mip te — 6 
9 25 =— 170 os =! 
10 25 +13 +10 — 4 
11 25 -11 - 1 ci) 
12 25 26 — 2} —8a-|}/— 3 |.-— 4 + 5 
13 26 25 — 3] —2a || — 6 et aad yk 
14 26 +1 — 5 uN ek es 
15 25 +3 od, — 9} -—10 
16 25 0 — 2 —11 | —12 
17 25 + 7 ce —13 | —14 
18 25 |} = 8 =.3 —-'8| -—9 
19 25 — 4 =—'7 -—11 } —12 
20 25 ae otf 0 —18 |} -—19 
21 22 + 2 + 2 —18 | —19 
22 18 +1 + 3 —16 | -17 
23 14 + 5 + 8 —13 | —14 
24 10 Bs y' ae ZT Bae 
25 6 — 2 ue Stale 
26 2 — 2 0 + 1 0 
496 





Station intervals, 34 ft. Ordinates in hundredths of feet. 
@ (—1)(13-—12) = -1 
Trial C. The half-throw at station 19 is now too large 
(—383); hence: 
b (+1)(19-9) = +10 


Trial D. The half-throw at station 22 must be changed 
by +22 and at station 27 by +30. 
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At station 22 At station 27 
iS ea =+6 (+1)(20—14) = + 6 
(+1)(21-14) = + 7 (+1)@21-14)=+ 7 
(+1)(22—-17) = + 5 (+1)(25—-17) = + 8 
(+1)(22—18) = + 4 (+1)(27-18) = + 9 


Sum = +22 Sum = +30 


ea 


The curve has been extended one station on each end to pro- 
vide the longer spirals required. 


APPLICATION TO SIDINGS 


364. Curves in yards and sidings are usually laid out. with 
a minimum radius to economize space. Upon the develop- 
ment of sharp spots in such curves or the introduction of 1a 
new type of locomotive, derailments can be expected. Usually 
the middle fiangeless drivers drop off inside the curve of the 
rails. 

The elimination of these sharp spots or the lengthening of 
the radius throughout can most easily be accomplished by 
string lining methods. 

As on main-line track, spirals should be introduced in yards 
where space permits. Often, however, yard curves can have 
no spirals, which require longer and sharper curves and, there- 
fore, extra space. Also, reversed curves can be introduced at 
the ends of yard curves sometimes to great advantage. 

Table J illustrates a yard curve with station 1 atthe heel 
of a frog and station 14 at the beginning of a body track. 
The stations have been laid off in sections equal to one-half 
the wheel base of the locomotive. Either the width of the 
flangeless drivers or experience on other curves indicates that 
a middle ordinate of more than 0.15 ft will cause derailment. 

Trial A. The ordinate at station 1 cannot be changed with- 
out interfering with the ladder. Thereafter the ordinates 
should be 15. 

At some point between stations 13 and 14, rule IT is satis- 
fied as indicated by the error sums changing sign. But since 
the half-throws are still plus, the curve is continued until a 
minus half-throw appears at station 18. 

Trial B. A reversed curve (giving minus ordinates) is 
necessary to satisfy rule IJ and is introduced, making station 
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16 P.R.C. This still violates rule III by leaving a +23 at 


the end of the curve. 


Trial C. Rule III is satisfied by changes a and b. 


a —5(19—16) 
6 —8(18—17) 
Sum 


—15 
= 8 


—23 


The P.R.C. now falls at a point between stations 16 and 17. 
Note. When a curve is reversed, the algebraic difference of 
adjacent ordinates must never be greater than the maximum 
single ordinate allowed, because, when the string extends 
across the P.R.C., the ordinates are really measured to sub- 
chords and, hence, must be made to vary approximately as 
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the lengths of the subchords in order to secure uniform curva- 
ture. 

In Table J the required ordinates, column C, stations 16 and 
17, are +5 and —7. The algebraic difference is +12<+15 

365. Combination of the two methods. Rules can be 
deduced from the second method which facilitate the use of 
the first method. For example: Any set of changes in ordi- 
nates can be made if they are uniform in sign, size, and loca- 
tion about a central point and their sum is zero. Thus: 


Station Error Error Sums Half-throws Throws 

6 —2 —2 0 0 

i 0 —2 —2 —4 

8 +3 +1 —4 -—8 

—1 0 —3 —6 

10 —I1 -—1 —3 —6 

11 +3 a2 —4 —8 
12 0 +2 —2 —A4 
13 —2 0 0 0 


SETTING POINTS FOR NEW ALIGNMENT 


366. Several methods are employed marking the new posi- 
tion of the track. Figure 190 illustrates the method recom- 
mended. The stakes should be of hard wood between 14 
and 2 in. square and 18 in. long. 





Fra. 190. 


At the particular station shown, a plus throw of 0.62 ft 
is required. The stake is set flush with the base of the rail, 
and the center of tack is set 0.38 ft from the inside edge of the 
base so that, when the track is properly thrown, the base of 
rail will be 1’ —0” from the tack. For a minus 0.62 throw the 
tack would be set 1.62 ft from the rail base. Before the 
tacks are set, the half-throws should be converted to throws 
and the resulting distances from base of rail computed. 
Instead of 1’ — 0” any other distance can be used but prefer- 
ably an even foot or half-foot for simplicity. This method is 
quick, accurate, and easy for the track foreman to use. 
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Stakes are sometimes set at the new’center line. An awk- 
ward computation is then\necessary, and the measurements 
must be made from gauge—a difficult procedure. 

When stakes must be set in hard ballast, a lining bar should 
first be driven to make a hole for the stake. Setting stakes 
may be avoided by measuring from adjoining track. A square 
wooden pole marked on four faces at each end is supplied the 
foreman. He throws the track to the particular mark for the 
station, 


CHAPTER XVIII 


THEORY OF MAXIMUM ECONOMY IN GRADES 
AND CURVES 


367. Choice of routes. Before commencing the field 
work of location, the engineer must decide which of the sur- 
veyed routes shall be adopted. He must also establish the 
maximum grade in each direction and the minimum radius of 
curve on that route. 

The general considerations which guide the engineer in the 
selection of one of several routes for location are mentioned 
in the chapter on reconnaissance; but upon the completion of 
the preliminary surveys he has at hand a large amount of 
information which enables him to consider this important 
question much more in detail. Unless his instructions are 
explicitly to the contrary, he may assume it to be his duty 
to find the best line, or that one which, for a series of years 
following the completion of the road, will require the least 
annual expense, including interest on first cost. ‘The finances 
of the company may be so limited as not to permit the con- 
struction of the best line at once, and it may then be the duty 
of the engineer to select the cheapest line, or that of least 
first cost, as a temporary expedient, with the expectation of 
building the road at its best when the improved credit of the 
company will permit. But generally he will be able to build 
the cheaper portions of the best line at once, only making 
deviations and introducing heavier grades at the expensive 
points to avoid a cost beyond the present means at his com- 
mand. The selection of the best line may be a choice between 
different routes or between different grades and curves on the 
same route. The latter case is considered first. 

368. To solve the problem of true economy we must deter- 
mine both the actual costs of building the line and the expenses 
of operating it at a given maximum grade, and also what 

875 
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changes will be made in these expenses by a change in that 
maximum. We have then, on one hand, the annual interest 
on the original cost and, on the other, the annual expense of 
operating the road. The best grade is that which will render 
the sum of these two a minimum. Both forms of expense consist 
of two parts: one that is affected by a change in grade, and the 
other that is not. Clearly the former is the only one we have 
to consider in either, since, when the sum of the variable 
portions is a minimum, the sum total will be a minimum also. 
The varying portions then are functions of the grade, though 
independent of each other. If, therefore, z’ represents the 
maximum grade in feet per mile, and x represents the corre- 
sponding value of that portion of the annual expense which 
varies with the grade, the relation existing between the two 
isz = f(z’). Similarly, if y represents the interest on so much 
of the first cost as is affected by grade, y = f’(z’). The prob- 
lem then is to find that value of z’ which shall render 


aty =a minimum 


The expression represented by « = f(z’) will now be de- 
veloped. 

The elements that enter into this expression are numerous 
and will be considered in succession. 

369. The tractive force of a locomotive is limited by the 
friction existing between the driving wheels and rails, since 
a locomotive is designed to have its boiler and cylinder 
capacity somewhat in excess. This friction, called the adhe- 
sion, is expressed as a percentage of the weight on the driving 
wheels and under ordinary ‘working conditions is found to 
be 20 to 25% of the weight. The weight imposed by the 
driving wheels is limited by the ability of the rail material to 
withstand abrasion and deformation ; with iron rails the limit 
per pair of drivers is fixed at 24,000 Ib with steel rails at 
48,000 Ib. There are instances of 52,000 lb permitted. 

370. The expense of running an engine one mile, haul- 
ing a train on the proposed road, can be estimated only from 
the experience on other roads similarly situated. The items 
of expense while the train is on the road are fuel. and the wages 
of the engineer and the train crew, together with many smaller 
items of transportation. 
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As previously stated, when lines of different length are to 
be compared for expense per train-mile, it is only those items 
affected by grade which concern us in this problem. 

The cost of a train-mile has been increasing for some years 
past. An average figure may be $1.50, and the part affected 
by the ruling grade is about 52 per cent of this amount. 

Where the bulk of traffic warrants their use, heavy loco- 
motives give more economical results than lighter ones. 

371. The resistance offered to the motion of a railway 
train is occasioned by a variety of causes, concerning which 
a great deal of uncertainty exists as to their relative effect. 
An investigation which should seek to determine the exact 
amount of each partial resistance and, then, by a summation, 
derive the total, would be tedious and, in the present state of 
our knowledge, unsatisfactory. We shall therefore simply 
group the resistances under three general heads, namely: 

Resistance due to uniform motion on a straight level track. 

Resistance due to grade. 

Resistance due to curvature. 

372. The first of these, considered as an aggregate of the 
various items of friction in locomotive and train, of oscilla- 
tions and impacts, and of resistance of the atmosphere, is 
found to vary nearly or quite as the square of the velocity. 
The friction of a locomotive is greater in proportion to its 
weight than that of a car, owing to its many moving parts, 
so that the resistance of a short train is greater in proportion 
to its total weight than that of a long train. The resistance 
of the atmosphere is greater also in proportion to the weight 
of a short train than of a long one. An empty train will offer 
more resistance in proportion to its weight than a loaded one. 
A formula which shall express the resistance of a train to 
uniform motion must include at least the velocity and the 
weight of the train and locomotive. 

The following empirical formula was given in the earlier 
editions of this book. It is based on the records of a large © 
number of experiments and is designed to give the resistance 
per ton for all trains, whether freight or passenger, and at 
any velocity, under ordinary circumstances. Accidental cir- 
cumstances, such as the state of the weather, and the condi- 
tion of the roadbed, rails, and rolling stock, may largely 
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modify the resistance, but these, of course, are not taken 
into account in the formulg. 


000478E? 
ppones \v? (330) 


where V = the velocity of the train in miles per hour, H = 
the weight of the engine and tender in tons, W = the weight 
of cars in tons, T’ = the weight of freight in tons, and q = the 
resistance to uniform motion in pounds per ton. The short 
ton of 2000 lb is used. 

An elaborate series of experiments ! on train resistance has 
been conducted by Professor E. C. Schmidt of the University 
of Illinois. The tests covered a wide range of velocities, 
weights, and loadings of trains. Formulas were developed 
for several different loadings. The following single empirical 
formula expresses the value of the train resistance in pounds 
per ton: 

V+39.6 —0.031w 


33 
4.08 +0.152w ee 


where w = the average weight of car and load in tons, and 
V and q are as in equation 330. 

373. The second resistance considered is that due to 
gravity in grades. It varies in the exact ratio of the rise to 
the length of the grade. 


Let Gs = rise of grade in feet per station 


Gm = rise of grade in feet per mile 
7 


q’ = resistance in pounds per ton due to grade 
Then, 
Gs 
and G 1 (832) 
’ = 2000 = —_G¢ 
a 5280 264°” 


The first of these equations expressed in words is easily 
remembered. The grade resistance is equivalent to 20 lb per 
ton per rate of grade per station. 


1 See Bulletins 43 and 59 of the Engineering Experiment Station of 
the University of Illinois; also Journal of the American Society of Mechani- 
cal Engineers for May and September 1910, 
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374. The third resistance considered is that due to curva- 
ture of the track. This resistance is due to the friction of the 
wheels on the top of the rail and of their flanges on the side 
of the rail. The top friction is lateral, owing to the oblique 
position of the wheel on the rail, and longitudinal, owing to 
the greater length of the outer rail, since both wheels are 
rigidly attached to the axle. The flange friction is due to the 
reaction of the top friction, which, combined with the paral- 
lelism of the axles, throws the truck into an oblique position 
on the track. A forward flange presses the outer rail, while a 
rear flange is usually in contact with the inner rail. The cen- 
trifugal force of the car will increase the pressure on the outer 
rail, unless the ties are inclined at an angle sufficient to 
counterbalance this force. But, if the ties are inclined too 
much or the velocity is less, the pressure on the inner rail will 
be increased. An uneven track will cause the truck to pursue 
a zigzag course, increasing the resistance considerably. 

The curve resistance probably varies from about } to 1 Ib 
per ton on a 1° curve. For sharper curves it varies as the 
degree of curve. The value depends on the character of the 
rolling stock, the location of the curve with respect to grade, 
and the speed of the train. 

375. Curve compensation. When a ruling grade is les- 
sened for curvature, it is said to be compensated for curvature, 
or merely compensated, and the equivalent grade resistance 
per degree of curve is called the rate of compensation. 

To ascertain the relation between the curve and the grade resist- 
ance, the following reasoning may be employed: 

Assuming the rate of compensation as 0.035 and that the 
curve resistance varies directly as the degree of curve, we have 

0.085D = G; 


33 
a 1.847D = a Gee) 


For definition of degree of curve, see § 78. 

Then, if q’’ = the curve resistance in pounds per ton on any 
curve, by combining first equations 332 and 333 and substi- 
tuting q” for q’ results in 


qd’ = 0.70D (334) 


The coefficient of D in equation 333 is adopted as an average 
of values suggested in the recommendations quoted below. 
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Compare also the latter part of § 374. 

Example. If the rulingtgrade of a road is 1%, what is the 
allowable grade on a 4° curve? 

From first equation 333 the additional resistance caused by 
the 4° curve is equivalent to 0.14 ft per station. Consequently, 
the 1.0% grade must be lowered to 0.86%. 

The American Railway Engineering Association has made 
the following recommendations for the rate of compensation: 


(a) Compensate 0.03 per degree: 
When the length of curve is less than half the length 
of the longest train. 
When a curve occurs within the first 20 ft of rise of a 
grade. 
When curvature is in no sense limiting. 
Compensate 0.035 per degree: 
When curves are between one half and three quarters 
as long as the longest train. 
When the curve occurs between 20 and 40 ft of rise 
from the bottom of the grade. 
(c) Compensate 0.04 per degree: 
Where the curve is habitually operated at low speed. 
Where the length of the curve is longer than three quar- 
ters of the length of the longest train. 
Where elevation is excessive for freight trains. 
At all places where curvature is likely to be limiting. 
(d) Compensate 0.05 per degree wherever the loss of eleva- 
tion can be spared. 


(6 


Se) 


376. Maximum trains. It is evident that grades and 
curves, by their resistances, fix a limit to the weight of a 
train which a given engine can haul over them. 

To find an expression for the maximum train which a given 
locomotive can haul over a given compensated grade: 


Let P = the drawbar pull of the locomotive in pounds 
T’ = weight of paying load in tons per maximum train 
W’ = weight in tons of cars carrying the load T’ 


ll 


Then, for uniform motion at a given velocity, 


(W'+T’\(qtq') =P (335) 
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Let ¢ = the average load of one car in tons, and w = the 
average weight of one car including load in tons. The num- 
ber of cars 7, all assumed loaded to the average, will then be 
Pts 

Then, W’+T7’ = nw = wT'/t, and, substituting in equa- 


tion 325, we derive i 
t 
T" = =( (336) 
w\q+q 


In this equation q = the resistance per ton due to uniform 
motion, g’ = the resistance per ton due to the maximum grade 
opposed to the direction of the train. 

For accelerated motion the reaction of inertia of the train 
must be added to these resistances. This is estimated at 
$q, in order that a train starting from the rest may acquire 
the requisite maximum velocity, even on a maximum grade, 
in a reasonable time, say from 3 to 6 minutes. Therefore, 
for accelerated motion, 





pe a. ) (337) 


wr\3q-+q/ 


The value of g in equation 331 may be substituted in equa- 
tion 337, and we obtain 


P 
i (Sanat ea Sl (338), 
«| eer 6—0.031w\ __, 
2\ 4.08-++0.152w 


Also, for the weight of maximum train and load, 


P 
is Honk E ia aces) | Se 
2 


4.08 +-0.152w 





which is the expression required. 
When there is no grade, q’ becomes zero; hence, for a level 
track equations 337 and 338 become 


To = 2 a (337A) 
w 3q 
ie 
To = BB sa eeti do eit (338A) 


w 3 setae) 
2\ 4.08+0.152w 
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where 79’ = the weight of paying load in tons per maximum 
train on a level grade. 

377. An engine stage is a division of the road to which 
a locomotive is limited and over which it regularly hauls 
a train. Its length varies, on existing roads, from 50 to 200 
miles or more, depending on the grades, on the length of the 
whole line, and on the distance between points favorable for 
the location of shops, and so on. The average engine stage on 
American roads is not far from 100 miles. If there are to be 
several engine stages on the proposed line, the problem of 
maximum economy of grade must be solved with reference 
to each of them separately. 


Let L = length of engine stage in miles 
e = that part of the expense per train-mile which 
varies with grade (in dollars) 

A = average annual paying freight in tons moving in 
one direction 
average annual paying freight in tons, moving in 
the opposite direction; and, if these are not equal, 
let A be greater than a. Now 7”, equation 338, 
is the maximum train load which, at a velocity 
V, should be hauled up steepest grade 2’, op- 
posed to the direction of the tonnage A. Hence, 
A/T’ = the number of trains per year; and, 
since each train must go and return, ... 2LA/T" 
= the total train mileage per year. 


s] 
ll 


If there were no return tonnage, the annual expense charge- 
able to A would be 2ALe/T’, but, since some of the cars re- 
turn loaded with the freight a, these are not chargeable to A 
and must be deducted from the foregoing expression. Hence, 
if we denote the annual expense of engine mileage by 2, 


eecee ge — (340) 
in which the value of the maximum grade 2z’ is involved in 
the value of 7”. 

But we may obtain an expression for x in terms of 2’; for, 
at any given velocity, the resistance go on a level is equal to 
the resistance due to a certain grade zo, the value of which 
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is, by equation 331, for uniform motion, 
20 = 2.6490 


So the resistance q to motion up a grade 2’ is equal to the 
resistance due to some grade z = 2.64q, the total resistance 
being that due to the combined grades z+2z’. Now, since the 
gross weight of a maximum train, under a constant engine 
power, is inversely as the resistances, we have, for conditions 
of accelerated motion: 


ww 3.3 
\ —T’:—T! 12 =20:= i 
Reais UR aR i 
whence 
, _ Lo’ 


2+22' 





(341) 


in which 7’ = maximum train load on a level line. Sub- 
stituting this value of 7’ in equation 340 we have 

a+! 
Tz 





(2A —a)Le (342) 


which is the complete expression for z = f(z’) required. 

378. Graphical solution. Could we also find a complete 
expression for y = f’(2’), we 
might then proceed to find, 
by analysis, that value of 
z’ which would render x+y 
=a minimum. But the 
value of y cannot be for- 
mulated, since it depends 
on the accidental features 
of the country through 
which the line passes; it can 
only be determined for any 
given value of 2’ by an 
estimate based on the survey. We, therefore, resort to a 
graphical solution. 

Equation 342 is the equation of a curve in the plane ZX, 
Fig. 191. If we assume several values of z’ and calculate the 
corresponding values of x, we may lay these off by scale on 
the axes of Z and X, respectively, and so obtain several points 
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through which the curve of annual expense may be drawn. 
We then make estimates of the cost of constructing the road 
at the same values of z’, and, taking the annual interest of 
each estimate as an ordinate y to OZ in the plane Z Y, we lay 
it off to scale at the proper height, thus obtaining a series of 
points in the plane ZY, through which the curve of annual 
interest on first cost may be drawn. If now we suppose the 
plane ZY to be revolved to the left about the axis OZ until 
it coincides with the plane OX, as in Fig. 191, we shall see 
that the two curves are convex to OZ and to each other. 
The shortest horizontal line intercepted by them indicates 
the minimum value of (x+y), and the point. where this line 
cuts the axis OZ indicates the corresponding value of z’, which 
is the one required. If tangents be drawn to the curves at 
the points where the shortest horizontal line intersects them, 
the tangents will be parallel to each other. Any convenient 
scales may be used to lay off the values of z’ and z, provided 
that the values of x and y be laid off to the same scale. It is 
well to reduce all the values of x by an amount common to 
them all, and the same with respect to values of y, before 
laying them off to scale. This will bring the two curves 
nearer together without altering their form. 

379. To facilitate the calculation of x, a table might be 
computed giving values of 1/7” for several locomotives and 
based on equation 338. 

The value of x can be found by multiplying the reciprocal 
of T’ by (24 —a)Le. 

The data for a single lo¢omotive and train will be taken as 
follows: 

¢ = 30 tons of freight per car load 


w = 45 tons per car and load 
V = 12 miles 
P = 20,000 Ib 


Substituting these values in equation 338 and assuming 
different rates of grade, we can find the maximum loads of 
freight which the locomotive can haul up these grades. 
Further data and a complete solution of the problem are given 
in § 381. 


§ 381] ECONOMY IN GRADES AND CURVES 385 


380. In the given solution, the grades have been compen- 
sated. Grades less than the ruling grade need not necessarily 
be reduced for the curves on them, unless the sum of the 
grade and the curve equivalent exceeds the ruling grade. 

381. For an example, suppose that a certain engine stage 
is to be 100 miles long, that an estimate of the cost of construc- 
tion has been made based on a ruling grade of 52.8 ft per mile 
against the heavier traffic, and that the annual jnterest on the 
estimate amounts to $168,000. Also suppose that the average 
traffic in one direction is estimated at 375,000 tons per year, 
and in the other direction at 125,000 tons, and that the part 
of the train-mile expense due to grade is 80 cents; then, 
(2A —a)Le = $50,000,000. The most economical ruling grade 
must now be found. 

First, select at least two other possible ruling grades, and, 
having made an estimate of the cost of constructing the 
road on each, take the annual interest of each, as in the 
first case. 

Suppose the two ruling grades thus selected to be 73.92 
and 31.68 ft per mile, or 1.4 ft per station and 0.6 ft per sta- 
tion, and the interest on the estimates to be $145,596 and 
$204,388, respectively. Then the information may be grouped 
as in the following table. 











Gs y 7 x x+y 2 
ioe! TA SMOOG Petia rte. <\esnlolgreleainiheeienalelezasse Gin ilfiicare ese) oleic ese 73.92 
1.3 149 886 

1.2 155 050 .0023170 115 850 270 900 63.36 
1.1 161 088 .0021673 108 385 269 473 58.08 
1.0 168 000 .0020175 100 875 268 875 52.80 
0.9 175 786 .0018677 93 385 268 171 47.52 
0.8 184 446 -0017180 85 900 270 346 42.24 
0.7 193 980 

0.6 SI OR ets a pdibiaotdbl |rarnis' amg || \loeoradibdo 31.68 





The values of y in the second column are obtained by inter- 
polating by second differences from the interest on costs of 
construction of the 1.4, 1.0, and 0.6% grades. T”’ is obtained 
from equation 338, the data in § 379 being used. The fourth 
column is obtained by multiplying 1/7’ by (2A —a)Le, the 
numerical value of the latter being $50,000,000. We observe 
that the values of x and y increase in opposite directions 
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and that the minimum value of (x+y) will occur on a grade 
of about 0.9 per station,therefore, this will be the most eco- 
nomical grade for the given conditions. As previously noted, 
the value of (x+y) will not be the annual outlay of the road, 
or engine stage, because many items of expense which are 
independent of the ruling grade are not included in the value 
of 80 cents per train-mile. 

As a general proposition it is advisable to increase the size 
of locomotives. Certain limitations to increase of size occur, 
however, such as strength of bridges and the amount of traffic 
available. 

The problem may be pursued further with other locomo- 
tives and loadings, in which case it is to be remembered that, 
as the size of the locomotive increases, the value of e will be 
changed. Also the velocity may be increased or decreased, 
and, if this is done, the value of the drawbar pull will 
change. 

382. Pusher grades. Since x (equation 340) varies di- 
rectly as L, it is important that an engine stage having heavy 
grades should be short. Its length, however, must be consist- 
ent with the economical length of the adjoining engine stages 
and with the amount of work which a locomotive ought to 
perform daily. The most favorable condition for a road would 
be that in which all the engine stages were operated at equal 
expense. But if, to secure this result, the engine stage of 
heavy grades must be unreasonably reduced in length, it will 
be better to adapt the grades to the use of two locomotives 
per train. 

383. Maximum return grades. After the maximum 
grade 2’ opposed to the heavier tonnage A has been deter- 
mined, we have now to consider what is the limit to grades in 
the opposite direction. The locomotives are supposed to haul 
their maximum loads in moving the tonnage A, and, since 
the return tonnage a is less than A, the locomotives in return- 
ing will not be worked to their full capacity if they encounter 
no grades steeper than 2’. We, therefore, have a margin of 
power in the returning locomotives of which we may take 
advantage in order to cheapen the cost of construction or to 
shorten the line, by introducing grades steeper than z’ against 
the lighter traffic. 

The weight of a maximum train moving up the grade 2’ 
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is (equation 339) W’+T7”; the weight of the train returning 
will be 
a w-—t a 
WT = ( “) ” 
ae A ; 4m A dE 


Substituting this in place of (W’+T7’) (equation 339), and 
solving for q’, we find the resistance due to a maximum grade 
opposed to the returning train. Whence, by equation 332, 
if we let Z = the maximum return grade, 


P 
a al (343) 
cays 

Aa 





Inasmuch as the value of Z varies with every change made 
in 2’, the engineer, when estimating the cost of construction 
on the basis of any maximum grade of z’, should take care 
that the return grade of Z nowhere exceeds its limits as given 
by equation 348. In the example (§ 381), z’ = 52.8 approxi- 
mately; hence, 7’ = 495.6 (equation 338). Substituting 
these values in equation 3438, we find that Z = 127.8, which 
is, therefore, the limit for return grades in this case. These 
grades should, of course, be compensated. 

384. Undulating grades. Suppose that 30 miles per hour 
is a safe maximum velocity for a freight train going down any 
grade. Assuming that a train starts down a grade at. this 
velocity, we may find the value of the grade which will cause 
the train to continue at a constant velocity, without the use 
of steam or brakes. 

Designate the value of Gi in equation 332 by z, and we have 


z= 2.64q¢ 


If we substitute the value of g from equation 331 in this, 
and we get 





V +39.6 —0.031w 
ea eee 344 
aisothe ( 4.08 -+0.152w ) owe) 
When V = 30, this becomes 
0+39.6—0.031 
yes 2.64(- ai89-6 *) (344A) 
4.08-+0.152w 
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As a speed of 30 miles an hour is considered unobjection- 
able, the grade z which induces it cannot be so, provided, of 
course, it does not exceed the values of z’ or Z which were 
found as the most economical. For the extra work done by 
the engine in ascending one grade, z is utilized in descending 
the next; and the net result is the same as though the two 
were replaced by a uniform grade. The engineer, therefore, is 
not warranted by economic considerations in reducing undu- 
lating grades which do not exceed z to a uniform grade, when 
to do this would cause any increase in the cost of construction, 
unless z exceeds the grades z’ or Z of maximum economy. 

385. But, when grades exceed z (equation 344A) the result- 
ing speeds of the maximum train become too great, and the 
necessary application of the brakes absorbs a portion of the 
power previously expended in gaining the summit, which is 
thus worse than wasted, since it increases the wear and tear 
of machinery and track. Therefore, the engineer is justified 
in spending a certain sum of money in reducing grades which 
exceed z to that limit. A calculation of the loss of power due 
to the use of brakes on a grade and of the cost of that lost 
power, together with the resulting wear and tear per year, 
will give the interest on the sum that may be justifiably spent 
in reducing the grade from its position of cheapest construction. 

386. The limit z is not constant but depends on the weight 
of the maximum train, which, in turn, depends on z’. It will 
not be the same in both directions unless A = a, giving 
z’=Z. In the example (§ 381), W/+7" = 743.4. Hence, 
(equation 3444) z = 16.24 descending in the direction of the 
traffic A. Also, W’+(a/A)T’ = 413.0, whence z = 23.04 
descending in the opposite direction. These are the limits 
in this case at which undulating grades cease to be profitable. 

387. Comparison of routes. We have finally to consider 
the method for selecting the best line from several proposed 
routes. For this purpose we determine the most economical 
grade on each route thought worthy of consideration, calculate 
the interest on the entire cost of constructing the line with 
that ruling grade and also the annual expense of operating the 
line, and take the sum of the two. That route is best in 
respect to which this sum is the least. 

388. The value of saving 1 mile in distance on any route 
is found by dividing the sum of the annual operating expense 
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and the interest on the cost of construction by the rate of 
interest, and the quotient by the length of the line in miles. 

389. Conclusions. We have now fully discussed the 
theory and developed the formulas necessary to the deter- 
mination of the most economical grades; but the value of 
the results in a given case depends on the correctness of the 
engineer’s estimates which enter into the formulas. These 
may seldom prove precisely accurate, yet, if he can bring 
them within definite limits, he may determine the grades of 
maximum economy within corresponding limits. But in the 
case of a railroad already finished and in full operation, where 
the elements of first cost, of the existing traffic and of the 
operating expenses are fully known, an investigation by means 
of the foregoing formulas furnishes a critical test as to the 
economy of any proposed alteration of the line. In several 
instances which might be named, the trunk-line roads have 
been justified in incurring very heavy expense in reducing 
distances and grades for the cheaper handling of greatly 
increased traffic. 


CHAPTER XIX 
LEVELING UNDER UNUSUAL CONDITIONS 


390. The curvature of the earth. When very long sights 
are required to be taken with the level, the curvature of the 
earth must be considered. 

A level line is parallel to a great circle of the earth and is 
therefore an arc of a circle or may be so considered. 

A horizontal line is a straight line parallel to the plane of 
the horizon. Therefore, the line of sight, being a horizontal 
line, is tangent to the circle of a level line passing through 
the instrument. 

To find the correction in elevation due to curvature of the 
earth for any distant station (Fig. 192). 

Let A be the station of the instrument J and B the distant 
station observed. 

Let Ro = CI = the radius of curvature of the earth or of 
the parallel are ID. Let Ly = ID = the level distance be- 
tween A and B. Then JE, perpendicular to CI , is the line of 
sight; BE is the reading of the rod; and DE = Ep = the cor- 
rection due to curvature. 

By Table XLI, 24, JE? = DE(DE+2R)); but, since DE is 
very small compared with 2Ro, it may be omitted from the 
parenthesis, and, since JE = ID = Ly very nearly, because 
the angle ACB is very small, we have Lo? = 2Rofo. 


Le? 
Ey = Ro (345) 
Ey is to be added to the apparent elevation of station B. 

391. Refraction. In observing distant stations the line 
of sight passing through the atmosphere is refracted from the 
straight line JE (Fig. 192) and takes the form of a curve, 
which, for practical purposes, may be considered as the arc 
of a circle, concave downwards. Its radius, depending on 

390 
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the conditions of the atmosphere, varies from 53 to 74 times 
the radius of curvature of the earth. 7Rpo is considered a 
good average value. 

Refraction causes the observed object to appear too high, 
whereas the curvature of the earth causes it to appear too 
low; the effects being contrary, the correction for curvature is 
reduced by the correction for refraction. If we let Hy = the 





Fie. 192. 


total correction for both curvature and refraction, to be added 
to the apparent elevation of the observed object, then, 
6 3L 7 


Hy = ~Ey = 


7 TRo (346) 


Table XVII is calculated by this formula, based on a mean 
value of Ro = 20,918,650 ft. 

392. The form of the earth is approximately an ellipsoid 
of revolution. Its meridian section at the mean level of the 
sea is'an ellipse, the semiaxes of which are, according to Clarke, 


At the equator A = 6,378,206 meters [6.8046985] 
At the poles B = 6,356,584 meters [6.8032238] 
According to the same authority, 
1 meter = 3.280869 ft [0.5159889] 
Therefore, the semiaxes expressed in feet are 
A = 20,926,058 ft [7.3206874] 
B = 20,855,119 ft [7.3192127] 
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Then, the radius of curvature of the meridian, 
B? ‘ 
At the equator, a = Ro = 20,784,422 ft [7.3177379] 


2 
At the poles, Fr Ro = 20,997,240 ft [7.3221622] 


In latitude 40° the radius of curvature of the meridian is 
20,871,900, and of a section at right angles to the meridian, 
20,955,400; the mean value, or Ro = 20,913,650 [7.320430], 
being adopted for general use. The error in the correction 
Ho (equation 346) due to this assumption will usually be much 
less than that due to the assumed value of the radius of re- 
fraction. 

393. Leveling by transit. When a transit has a level 
tube attached to the telescope, it may be used for finding 
the difference in elevation of points. If the instrument be 
in perfect adjustment, the line of sight will be horizontal 
when the bubble stands at the middle point of the tube, and 
the reading of the vertical circle will be zero. Should there 
be a small reading when the line of sight is horizontal, it is 
called the index error. When the line of sight is not hori- 
zontal, the angle which it makes with the plane of the horizon 
is called an angle of elevation, or of depression, according as 
the object on which the line of sight is directed is above or 
below the telescope. This angle is measured on the vertical 
circle, being the difference of the reading and the index error 
when both are on the same side of the zero mark and their 
sum when they are on opposite sides. When the distance 
to an observed object is known and its angle of elevation or 
depression is measured, we may calculate its vertical height 
above or below the telescope. 


elevation 
depression 
L = the horizontal distance 
L’ = the distance parallel to line of sight 
h = difference in elevation of object and instrument 


Let +a = angle of | 


Then for short distances, 


h= Ltane = L' sine (347) 


§ 393] LEVELING UNDER UNUSUAL CONDITIONS 393 


For long distances the curvature of the earth and refrac- 
tion must be considered (Fig. 193). 

Let J be the place of the instrument and F the object 
observed. 

Let Lo = the distance, measured on the chord of the level 
arc ID, passing through the instrument; and let y = the 
number of seconds in the are JD; hence, since for ordinary 
distances the chord and arc are sensibly equal: 


(a 
y= J 206:264".8 [5.314425] 
0 


or giving to Ro its mean value, § 359, we have 
y = Lo X0.0098627 [7.993995] 


or a fraction less than 1” per 100 ft. 

Let IF be the arc of the refracted ray, and, if it is assumed 
that its radius is 7Ro, the are will contain one-seventh the 
number of seconds of the are JF. 

IF’, tangent to IF, is the direction of the telescope; IF is 
the chord of the are JF, and JE is the horizontal. 

Let a = EIF’ = observed angle of elevation. Then HIF 
= true angle of elevation = EIF’—F’IF = a—}-7 = a— 
0.071y. 

The angle EID =1y. +. DIF =4y+a—0.071y; and 
IDF = 90°+3y. «+. IFD = 90°—(¥+a—0.071y). 

We now solve the triangle IFD for the side DF = h, and 
find 
_ Sin Gv-+a—0.071¥) 


fade (y+a—0.071y) pe) 


For an observed angle of depression make a@ negative in 
the formula. 

The coefficient 0.071 is called the coefficient of refraction, 
this being a fair average value, while its extreme range is 
from 0.067 to 0.100 under varying conditions of the atmos- 
phere and values of the angle a. 

When the difference in elevation of two or more distant 
objects is required, we obtain the elevation of each separately 
and subtract one elevation from another. The elevation of 
the observed object is given by (H.I.) +h. 
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394. To find the height of instrument of a transit by an 
observation of the horizo& (Fig. 194). 

Let J be the place of the instrument, and let a = observed 
angle of depression of the horizon. 

Let F be the point where the refracted ray meets the level 
surface, and draw the chords JF and AF. 











Fie. 198. Fie. 194, 


Let ¥ = the angle ACF, let h = AI, and let k = the co- 
efficient of refraction. 
In the triangle JAF, 


TAF = 90°+3¥, AFI = 3y—kt, AIF = 90°—(y—hy) 





Hence, 
FIE = y-—ky 
but 
FIE = atky 
Se 349 
Are” Va 


Let F” be the tangent point of a right line drawn through 
I; then AI = CF” ex sec ACF”, but CF” = Ro, and, since y 


: ee 
is always very small, ACF” = 3(¥+e) very nearly = ie 


a 
1—2k 





h = Ro ex sec (350) 


§ 394] LEVELING UNDER UNUSUAL CONDITIONS 395 


Giving to Ro its mean value (§ 392) and assuming k = 74, 
then 








log h = 7.320430-+ log ex sec. 1.0801a (351) 
Otherwise: solve the triangle AIF since 
AF = 2Rosin ty = 2Ry sin —— 
cae Fe 2b) 
and PVE. 
sgt pon (sy —ky) 
cos (py —ky) 
ik 
4 a sin 5a 
a= oe a ee 
Ro sin 20-2 ay (352) 
cos a 
1—2k 
When k = 74, 
od 
4 sm 9a 
h = 2Rosin aia The (353) 


Example. The observed dip of the sea horizon is 24’ = a, 
What is the height of the instrument above the sea? 
By equation 351: 


1.0801 Xa X60 = 1555” .34 3.191825 
2 

6.383650 

Table XXVI (q—2)I) 9.070130 
Ro 7.320430 
h = 594.58 2.774210 


Methods of determining heights by distant observations 
cannot be relied on for more than approximate results, since 
they necessarily involve the uncertain element of refraction 
and usually a lack of precision in the vertical angle, the arc 
reading only to minutes in ordinary instruments. These 
methods, however, are useful where no great accuracy is re- 
quired, as for a temporary purpose until levels can be taken 
in the regular way, or for interpolating between points of es- 
tablished elevation. 


CHAPTER XX 
ADJUSTMENT OF INSTRUMENTS 


Every adjustment consists of two processes: first the test, 
and second the correction. Inasmuch as the amount of cor- 
rection is made by estimation, the test must always be re- 
peated until no further lack of adjustment is observable. 

It is convenient to remember that all adjustment screws on 
an instrument are right-handed; that is, that they advance 
when turned clockwise. 

The cross hairs of an instrument are supported on a ring 
called a reticle. The reticle is suspended in the center of the 
telescope tube by four adjusting screws in tension. Their 
heads are outside the tube, and, in pulling on the reticle, they 
press on the outside of the tube. The cross hairs are moved 
left and right or up and down by loosening one of a pair of 
opposite adjusting screws and tightening the other. Before 
beginning to move the cross hairs, the tension at right angles 
to the movement must be relieved by loosening one of the 
other screws. It is tightened again at the completion of the 
adjustment. If the tension is not relieved, all four screws will 
be pulling at a slight angle after the cross hairs have been 
moved. Vibration may then cause them to slip and thus ruin 
the adjustment. 

All adjustment screws must be firm at the completion of 
each adjustment. 


THE TRANSIT 


395. The cross hair reticle must be oriented so that 
the vertical hair will lie in a plane perpendicular to the 
horizontal axis. 

Test. Aim at some well-defined point and move the tele- 
scope slightly up and down. The vertical cross hair should 
remain on the point, if not... 

Correction. Loosen two adjacent adjusting screws, and 
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slide all four screws around the telescope until the desired 
result is attained. Tighten the two screws that were loosened. 

The bubbles of the plate levels should indicate zero when 
the vertical axis of the instrument is in line with the direction 
of gravity. 

Test. Set the A vernier at zero with the upper motion. 
Turn the instrument with the lower motion until each plate 
level is parallel to a pair of opposite leveling screws. Level 
carefully. With the upper motion turn 180°. The bubbles 
should come to rest at the centers of their tubes; if either 
bubble fails to center .. . 

Correction. Bring it halfway back to the center by turning 
the adjusting screw. 

The line of collimation should be perpendicular to the 
horizontal axis. 

Test: Clamp the limb, and by the tangent screws bring 
the intersection of the cross hairs to cover a well-defined 
point about on a level with the telescope: plunge the tele- 
scope to look in the opposite direction, and note any point 
about on a level with the telescope and about equidistant 
with the first point, which the intersection of the cross hairs 
now happens to cover. Now unclamp the limb, turn the 
telescope in azimuth, and repeat the above operation, using 
the same first point as before. 

The third point obtained should be identical with the second; 
if not >... 

Correction: Move the vertical cross hair over one fourth 
of the apparent distance from the third to the second point, 
by turning the adjusting screws at the side of the telescope. 

The horizontal axis should be perpendicular to the vertical 
axis. 

Test: After completing these adjustments, level the in- 
strument, clamp it, and bring the intersection of the cross hairs 

*to cover some high point so that the telescope may be ele- 
vated to a large angle; depress the telescope, and note some 
point on the ground now covered by the intersection of the 
cross hairs. 

Now unclamp the instrument, reverse the telescope, turn 
about 180° in azimuth, and bring the line of collimation on the 
point on the ground. Then elevate the telescope. The line 
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of collimation should cover the same high point as before if 
NOG) \ 

Correction. Raise or lower the adjustable end of the 
horizontal axis as required by turning the adjusting screws. 
The line of sight should usually be moved between one-fourth 
to one-half way back, the distance depending on the relation 
between the vertical angles used. The amount of motion 
required is best determined by repeated trials. 

The intersection of the cross hairs should. appear in the 
center of the field of view. 

Test: Bring the cross hairs into focus and direct the tele- 
scope toward the sky, or hold a sheet of blank paper in front 
of it. If the intersection appears eccentric . . . 

Correction: Turn the screws (by pairs) which support the 
end of the eyepiece until the desired result is obtained. 

If there is a level on the telescope, its bubble should center 
when the line of collimation is level. 

Drive two stakes equidistant from the instrument in exactly 
opposite directions, and, having perfected the previous adjust- 
ments, level the plate carefully, clamp the telescope in about 
a horizontal position, and observe a rod placed on each stake. 
Center the telescope bubble before each observation. Have 
the stakes driven by trial until the rod reads alike on both. 
The heads of the stakes are then on a level. Remove the 
instrument beyond one stake, and set it up in line with the 
two, level the plate, and elevate or depress the telescope to a 
position which will again give equal readings on the stakes. 
The line of collimation is now level. 

Test: While in this position the bubble of the attached 
level should stand centered; if not . . . 

Correction: Bring the bubble to the center by turning 
the nuts at one end of the tube, while the cross hair continues 
to give equal readings. 


THE Y LEVEL 


396. The line of collimation should coincide with the 
axis of the telescope. 

Test: Clamp the spindle, open the clips, and bring the inter- 
section of the cross hairs to cover a well-defined point by the 
tangent and leveling screws; revolve the telescope half over 
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in the Y’s, so that the level tube is on top. The intersection 
of the cross hairs should still cover the point. If either hair 
has departed ... 

Correction: Bring it halfway back by means of the pair of 
adjusting screws at the extremities of the other hair. 

The axis of the level tube should lie in a plane parallel to 
to or including the axis of the telescope. 

Test: Center the bubble, and turn the telescope on its 
axis so as to bring the level tube out to one side. The bubble 
should remain centered. If it has departed... 

Correction: Bring it back to the center by the adjusting 
screws at the side of the level tube. 

The bubble of the attached level should center when the 
axis of the telescope is horizontal. 

Test: Bring the telescope over one pair of leveling screws, 
clamp the spindle, open the clips, and bring the bubble to the 
center. Then gently remove the telescope from the Y’s, and 
replace it end for end. If the Y’s have not been disturbed, 
the bubble should return to the center. If it does not... 

Correction: Bring the bubble halfway back by turning 
the nuts at one end of the tube. 

The axis of the telescope should be at right angles to the 
spindle. 

Test: Having completed these adjustments (and not be- 
fore), fasten down the clips, unclamp the spindle, bring the 
bubble to the center over each pair of leveling screws in succes- 
sion, and then swing the telescope end for end on the spindle. 
The bubble should settle at the center. If it does not... 

Correction: Bring it halfway back by the large nuts at 
one end of the bar. 


THE DUMPY LEVEL 


397. The telescope of the dumpy level cannot be taken 
from the Y’s; consequently, there are two adjustments only. 
These are: 

The bubble should center when the axis of the spindle is 
vertical. 

The test and correction are the same as for the plate-level 
adjustment of the transit. 
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The bubble of the attached level should center when the 
axis of the telescope is horizontal. 

The test for this adjustment is the same as the correspond- 
ing one for the transit. The correct, however, is made by 
changing the position of the reticle which carries the cross hairs, 
the level vial remaining the same. 


CHAPTER XXI 


HIGHWAY CURVES 


SIMPLE CURVES 


398. Highway practice. The practice among the various 
states of this country regarding horizontal alignment is not 
at all uniform. Several different methods are employed: 


(a) The arc definition is used. 


(b) An approximate are method is employed. 

(c) The chord definition of degree of curve is used. 

(d) The curve may be designated by its radius, which is 
usually an even number of feet. 

(e) The length of tangent may be first selected. 


All these methods will be explained and illustrations and 


examples worked out. The 
tables of this book will be 
found sufficiently complete for 
all cases. 

For the different problems 
of widening, superelevation, 
forms of spirals, and the like 
the reader is referred to H. C. 
Ives’ book entitled “Highway 
Curves,” published by John 
Wiley & Sons. 

399. Parts of a simple 
curve. The parts of a simple 


oO 
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curve both for railroads and for highways are given in §§ 78, 


85-93. See Fig. 195. 


400. General formulas. Before numerical examples illus- 
trating the different cases are given, certain formulas general 
to both railroad curves and highway curves are stated. 


401 
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The equation numbers are the same as those used in Chapter V 
and are illustrated in part\by Fig. 195. 


T = RtandAa (17) 
C = 2Rsin 3A (18) 
M = Rvers 4A (19) 
E = Rex sec3A (20)- 


Caution. In using these formulas, where R is given it 
should be substituted directly in the formula, but where D 
is given the value of R should be found from equation 44 
deduced below. 


CURVE TABLES 


The description of the different tables is given at the end 
of Volume II, “Explanation of Tables,” but, for the sake of 
completeness, certain facts are mentioned here. 

All equations may be solved by logarithms, by natural 
functions by longhand, by use of the calculating machine, 
or in many cases by tables. 

401. Value of the radius. For the arc definition of degree 
of curve, Table L is used; for the approximate are method, 
the radius is found from equation 44. To avoid error, it is 
suggested that the value be checked with Table L, which will 
be nearly the same. For the chord definition, Table I is 
employed. Where the radius is chosen as an even number of 
feet, Table LI is used. Further Suggestions in the application 
of these tables may be made in the explanation of the different 
methods of location. 

402. Value of tangent. Table IIT may be used and will 
be found sufficiently exact for methods a, b, and c. In the 
are definition no correction need be applied, but with the chord 
definition Table II gives the necessary correction. Where 
method d is the standard, equation 17 is the basis. 

403. Values of C, M, and E. Tables IV, VI, and III 
will be found useful in the solution of equations 18-20. In 
the direct solution, care should be taken that the exact value 
of R be used. 
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Suggestion. The student is advised to make a table show- 
ing the minor differences in the values of the four curve ele- 
ments resulting in the difference in definition of degree of 
curve, for three or four values such as 1, 3, 6, and 10°. 

The different methods of curve location as stated in § 398 
are now given. 

404. (a) The are definition. In this case, the degree of 
curve is designated as the central angle subtended by an arc of 
100 ft.. The length of curve is measured along the arc instead 
of by chords. 

If the degree of curve is designated by D and expressed in 
degrees, we have the proportion: 


D:360° ::100:27R 


p — 100(860) _ 5729.58 


4A 
27D D ry 


In other words, the radius varies inversely with the degree of 
curve. And 
5729.58 
D= 
R 





(6A) 


Caution. In using equations where RF is given its value 
should be substituted directly in the formula, but where D 
is given R should be found from equation 4A. 

405. Length of curve. As previously stated, a highway 
curve is measured on the arc of the curve. 

Let R = the radius of a circular are, of length L, and central 
angle a in degrees. As this arc is a proportional part of the 
whole circumference of the circle, we have 


L:2rR ::a°:360° 


fe 2rRa° 





= 0.0174533a°R 
360°. 


In other words, to find the length of curve, multiply the 
number of degrees in the central angle by the radius of the 
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curve and by the constant 0.0174533. When D is given, 


100A 
Tsetse 7 
D @) 


With this equation it is to be noted that the length is also 
by arc. 

Table XXA gives the lengths of circular arcs to radius = 1 
for central angles up to 120°. The value of the are to any 
radius may be found by multiplying the coefficient for the 
proper central angle by the given radius. 

Table XXB gives the difference obtained by subtracting 
the length of the long chord from the length of the circular 
are for ares of unit radius having central angles of 0° to 92°. 
The exact value for any radius may be found by multiplying 
the value found in the table by the length of radius. 

The length of the long chord is computed by subtracting 
the difference thus obtained from the length of are. When 
the length of the chord computed by this means is compared 
to the length obtained by equation 18, the length of are and 
the length of chord are both checked. 

406. Example. Given: a simple curve connecting two 
tangents on a highway, with degree of curve given, in this case = 
4°0’. Also, A = 22° 30’; station of P.I. = 17+60.00. 

Then, 

_ 5729.58 


= 1482. 
A 395 





T = R tan dA = 284.92 


Find L by use of Table XXA, the coefficient for 22° 30’ being 
0.39269909, and this multiplied by R of 1482.395 gives 
L = 562.50. Or, from equation 7, L = 100(22.5°) + 4°, 

If the long chord C is required, find in Table XXB the value 
for A = 22°30’ which is 0.0025184. This multiplied by 
R = 1432.395 gives A—C = 3.16. Subtracting this from L 
(the are length) = 562.50 gives C = 558.89. By equation 18, 


A 
C = 2R le = 558.89 


which checks. 
Then, P.C. = 17+60.00—284.92 = 14+75.08, and P.T. = 
14+75.08-+562.50 = 20+37.58, 
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The following table of deflections shows the method of 
continuous stations. 


SIMPLE CURVE FOR HIGHWAY WHEN D IS GIVEN 





Station | Point Alignment Deflection | Chord Arc 
EN BS) eM cree paren ators garelake 11° 15’ 37.57 37.58 
Cs fon ote A=22° 30’ 10° 29’ 54’”” | 99.98 100.00 
4 De eens D=4° 0’ 8° 29’ 54”” | 99.98 100.00 
1k) [Pes R=1432 .395 6° 29’ 54” | 99.98 100.00 
a a leh 3 T =284 .92 4° 29’ 54”” | 99.98 100.00 
LGhe Se Pt ies. oe L=562.50 2° 29’ 54” | 99.98 100.00 


15 
14+ 75.08 | P.C. 





407. Field work. The description of the field work is given 
in § 418. 

408. (b) The approximate arc method. An approxima- 
tion is given for equation 4A and is 


5730 

R = — 
D (4B) 

from which, at 
D = — B 
R (6B) 


For those states using this method and these equations 
the tables of this book may be employed with sufficient exact- 
ness. The computations for the different parts of the curve 
and the field work are entirely similar to those in method a. 

409. (c) The chord method. The computations and de- 
tails for this method are fully explained in Chapter V. The 
degree of curve is the central angle subtended by a chord of 
100 ft. Care should be taken that the proper values of R be 
used, and these are found in Table I. It is again mentioned 
that the length of curve is measured by chords. Where short 
chords are used, Table VII will prove of special service. 

Note. Many states which use the chord definition for 
flatter curves, either use the are definition for sharper curves, 
say, above 20°, or else select an even value for the radius. 
In such cases, the work follows that outlined in methods a 
or d. 

410. (d) Where the radius is selected. A numerical 
example will illustrate this method: 
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Problem. Radius given, in this case = 400 ft. Also, given 
A = 29° 40’ 40”, and P.I.89+-40.00. 
From equation 17 or by use of Table III, 7 = 106.00. 


P.C. = P.I.—T = 29+40.00—106.00 = 28+34.00 
The length of curve is found by use of Table XX A. 
Coefficient for 29° 40’ = 0.5177810 . 
40” = 0.0001939 


Coefficient for 29° 40’ 40” = 0.5179749 
Then 
L = 400X0.5179749 = 207.19 


P.T. = 28+34.00+207.19 = 304+41.19 


411. Location of curve. The curve may be located by 
deflection angles in one of four ways. 

Plana. By keeping the stationing an even station or whole 
number of feet. 

Plan 6. By dividing the whole are into an equal number of 
parts. 

Plan c. By using a chord length of even number of feet 
for the first part of the curve and a final subchord to the P.T. 
of the curve. 

Plan d. By taking a deflection angle of whole number of 
degrees and minutes for the first part of the curve and the 
remaining odd value for the subare to the P.T. 

In all four methods, all chords and arcs with their central 
angles must be given or found. 

412. Plan a. Continuous stationing. Using the nu- 
merical example above, where A = 29° 40’ 40” ; R = 400 ft; 
T = 106.00; L = 207.19; P.C. 28+34.00; P.T. = 30-+-41.19. 

The first point on the curve will be taken as station 28-+ 
50.00, and then 50-ft arcs to 30+00.00, with a subare of 
41.19 to the P.T. 

Computations will first be made longhand or by calculating 
machine and then by use of tables. 
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The first short are is 16.00 ft. The central angle for this 
arc with a 400-ft radius is found from the equation 


Angle = arc/radius = 16/400 = 0.0400000 


From Table X XA, the angle which will give this coefficient is 
2°17’ 30’. The chord corresponding to the are of 16.00 ft 
is found from a modification of equation 18, which is c = 2R 
sin $d = 2(400) sin 1° 08’ 45” = 16.00. 

Similarly, the central angles for the 50-ft arcs and the 
subare of 41.19 at the end of the curve are 7° 09’ 43” and 
5° 54’’, respectively. The chords for arcs of 50 ft and 41.19 ft 
are 49.97 and 41.17. 

By use of Table LI. The deflection for 1 ft of are for a 
curve of 400-ft radius is 4.297’. That for a 16-ft are will be 
16 X 4.297’ = 1° 08’ 45” which checks with the value found 
previously. The table does not give a 26-ft chord, but for a 
curve of 275-ft radius and a 25-ft chord it may be seen that 
chord and are would be practically identical. 

Equation for deflection angle. The central angle for a certain 
are of radius # is given by the equation 





360° are 
d Sp 
2rR 
The deflection angle = 
bar B00 S36 © 1718.87338 times the are 
oe re MarR ‘as > R 


expressed in minutes. Table LI has been computed by means 
of this equation, which is one of the most useful equations in 
highway work. 

Similarly the deflection angles for 50 and 41.19 are 3° 34’ 52” 
and 2° 57’ which check with previous quantities. 

Recommendation. The method by use of Table LI is 
advocated since it appears to be the shortest one of all. 

A check on the angle work will be the sum of the cen- 
tral angles which gives 2° 17’ 30’’-+3(7° 09’ 43’”)+5° 54’ = 
29° 40’ 39” which checks A within 1 second. 

For all practical purposes, the results might be rounded off 
somewhat, but they are carried to a point showing that as 
accurate results may be secured with short chords and radii 
as with long ones. 
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The following form of notes illustrates plan a: 
X 
FORM OF NOTES FOR EVEN FOOT STATIONS 


Station | Point Alignment pee Chord Are 
30+41.19 | P.T. A=29° 40’ 40""| 14° 50% 20". | 41.17 41.19 
30 Rk =400.00 11° 53’ 18’ | 49.97 50.00 

T=106.00 8° 18’ 27”’ | 49.97 50.00 





29+ 50 ‘ 

CASS OS © WE L=207.19 4° 43’ 36’ | 49.97 50.00 
+50 ......| P.I.=29+ 40.00 1° 08’ 45” | 16.00 16.00 | 

28+34.00 | P.C. | Regular arc=50’ } 





413. Plan b. Again consider the numerical example 
given in a. Divide the total central angle into four equal 
parts which will subtend equal central angles. Then, the cen- 
tral angle of each arc will be one fourth of A or 7° 25’ 10”. 
Each arc will be one fourth of L or 51.797. In the table this 
is rounded off to 51.80 with the last are made to conform to L. 
The length of the uniform chord may be found from the 
equation 


c = 2R sin 4d = 800 sin 3° 42’ 35” = 51.76 


FORM OF NOTES FOR EVEN ARC LENGTHS 


SSS eee eee 


Station | Point Alignment moe Chord Arc 
30+41.19 | P.T. A=29° 40’ 40’’| 14° 50’ 20” | 51.75 51.79 
29+ 89.40 |...... R=400.00 T1° O07! 45"" || 51.76 51.80 
2937, COE Haictieore T =106.00 7° 25’ 10" | 51.76 51.80 
28-Fi85.S0) ieee L=207.19 3° 42’ 35” | 51.76 51.80 


28+34.00 | P.C. | P.I.=29+ 40.00 
4 Equal Arcs 


a 


414, Plan c. As applied to the particular example given 
in a and b this plan would not be considered. If it were, 50 ft 
would be taken for the first three chords and the proper 
amount for the last one so as to close on the P.T. The length 
of arc for the chosen central angles could be found by use of 
Table XXA. The deflections can be found by equation sin 
3d = c/2R or by Table LI. 

415. Plan d. A deflection angle of 4° 0’ 0” will be used 
for the first three chords and the remainder of $A, namely, 


§ 418] CURVE TABLES 409 


2° 50’ 20’, for the final subchord. From Table XXA the ares 
for twice these deflections may be found. The chords may be 
found from equation c = 2R sin4d, or, once the arcs are 
found, the difference between are and chord may be found. 
The form of notes is not given for this plan but might be 
compiled without difficulty. 

416. Comparison of the different methods. Plan a 
has the advantage of even stationing in the result on plotting 
and in the calculation of earthwork. Plan b has the advantage 
of ease in computation. Plan c preserves a uniform chord 
in measurement with an odd chord at the end of the curve. 
Plan d has the advantage of ease in laying off deflections on 
the vernier. 

The author prefers either plan a or plan b. 

417. (e) Selection of the tangent distance. By equa- 
tion 21, R may be found when T and D are given. This form 
of curve is illustrated in § 95 of Chapter V, and suggestions 
are there made for a final solution. 

418. Field work. Suppose A has been measured either 
directly by prolonging the tangents to intersection or by the 
problem of V inaccessible. We can either assume D or find it 
by assuming one of the other curve elements. 

Compute the value of 7, and make up a list of deflections as 
previously explained. Then proceed as follows: 

1. Lay off both tangents from point V or from points corre- 
sponding to p and gq in Fig. 27, thus locating the P.C. and 
Pele 

2. Set up at the P.C., set vernier at zero, and sight at V. 
Unclamp the upper motion, and if possible sight at the P.T. 
The angle V—P.C.—P.T. should equal 4A. This will show 
that the tangents are equal in length but not necessarily of 
correct length. 

3. From the list of deflections, lay out points on the curve 
using proper deflection angle and subchord or full chord as 
occasion demands. 

Checks. The check on computation is that the deflection to 
the P.T. from the P.C. and sighting at V should equal 3A. 

The check on field work is that the deflection angle V —P.C. 
—P.T. should equal $A and the measured length of the last 
chord should equal its computed length. 
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Setup on Curve. The method of procedure regarding meas- 
urement of distances is the same as where no setup on the 
curve is necessary. The angle V—P.C.—P.T. cannot as a 
rule be checked in this case. The two methods of deflections 
are given in §§ 107 and 108. 

419. Comparison between highway curve and rail- 
road curve for same A and numerical value of D. For 
the problem given in § 406, on account of slightly different 
values of R due to definition of D, the value of 7 would be a 
little smaller. Consequently, the positions of the P.C. and 
P.T. would be a little nearer the P.I. in the highway curve than 
in the railroad curve, and the curve itself would assume a 
slightly different position on the ground. 

420. The traverse method. Many of the special prob- 
lems of simple and compound curves can be solved by treat- 
ment as closed traverses. Most books on surveying cover this 
work under the head, Missing Data. 

In any closed survey, the algebraic sum of the latitudes is 
equal to zero, and likewise for the departures, north and east 
bearings being considered plus, and south and west bearings 
minus. Expressed in equation form: 


l, cos a+, cos B+13 cos 6+ etc. = 0 
ly sin a+, sin B+/3 sin 6+ etc. = 0 


In general, two methods of solution are given: (1) by the 
solution of equations, (2) by the transference of lines, thereby 
first forming a closed survey, with the smallest number of 
unknown quantities, and afterwards forming a triangle with 
sufficient known parts for a completion of the problem. 

It is beyond the province of this book to go into this subject 
fully, but the student and reader, should they find it necessary, 
are referred to treatises on surveying. 


COMPOUND AND REVERSED CURVES 


421. The foregoing paragraphs show that all of the trig- 
onometric formulas used for establishing the P.C. and the 
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P.T. of a simple curve are the same, no matter what definition 
of D is chosen. This principle is equally true for compound 
curves and reversed curves. 

Specifically, the relationships among R, A, T, M, E, and C 
in simple curves; Ry, Re, Ai, Ae, Ty, T2, and C in compound 
curves; and 11, 72, Ay, Ae, VA, and VB in reversed curves are 
the same, no matter what definition of D is used. It is only 
after the P.I., P.C., and P.T., or their equivalents have been 
staked out that different formulas are required. Thereafter 
the definition of D is involved in determining the chords and 
deflection angles used in staking out the stations on the curve 
proper. 

Of course, when F& is computed from D, or vice versa, the 
formula that is used depends on the definition of D. This does 
not affect the trigonometri¢ formulas in any way. 

Example. Assume that a highway compound curve is to 
be staked out from the following data: 


R (the first radius) = 500 ft; Re = 1000 ft 
Ay = 32°; A = 44°12’; plus P.I. = 22+39.23 
By equations in § 150. 


Ap = 44° 12’—32° 





Not 25 1:20 

T= 500 vers 44° 12’+-(1000 —500) vers 12° 12’ 
The sin 44° 12’ 

Ty = 219.23 

oe 1000 vers 44° 12’ — (1000 —500) vers 32° 
in sin 44° 12’ 

T, = 297.08 


Plus P.C. = 22+39.23 —219.23 = 20+20.00. 

It is possible to stake out the P.T. and the P.C. with these 
data alone. Observe that the definition of D has not been 
used. 

Assume that the arc definition of D is desired. 


412 
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By equation 6A, 


By equation 


Hence, 


%, 








From Table LI, 


Dy 


2 
dy 


729.58 » , 
at = 11.45916 
ce 500 
29. 
BUCR Ss on 5.72958° 
1000 
10032 
Sele eee 
“ ificig 
100X12.2 
= —_*" — 219.93 
Ta = — 79058 : 
P.C. = 20+20.00 
Lp = 2279 195 
P.C.C. = 22499 .25 
+Iy = 2 12.93 
P.T. = 25412.18 
= 2X2° 51.89’ = 5° 43.78 


ll 


oct 803.438’ = 275.040’ = 4° 35.04’ 


99.25 X3.438’ = 341.122’ = 5° 41.22’ 


2° 51.89’ 
0.75 X 1.719’ = 0° 1.29’ 
12.18 X1.719° = 0° 20.94’ 


The chords are interpolated from Table L 


[Cu. XXI 
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FIELD NOTES 





Sta. Chord Deflec. Curve Data | Dist. | Cal. Br. 


© 

“IZ 218 Po. 12.18 6° 06.00’ | Ry 500’ 
25 99.96 5° 45.07’ | Re 1000’ 
24 99.96 2° 53.18’ | A 44° 12’ 
23 0.75 Of 1529" | Ay 32°00" 

© 

+99.25 P.C.C. 99.18 16° 00.00’ | 3A; 16° 00’ 
22 99.83 10° 18.82’ | Ae 12°12’ 

- 21 79.95 4° 35.04’ | ZA2 6° 06’ 

+20.00 P.C. T; 219.23 
20 T2 297.08 
19 Dy 279.25 
18 Lp, 212.93 


It is clear that the only change in the computations are for 
curve points between the P.C. and the P.T. 

A reversed curve is handled in the same way. The posi- 
tion of the P.C., P.R.C., and P.T. are computed according to 
the usual formulas.. The chosen definition of D is then used 
for computing the deflections and chords for staking out the 
simple curves between these points. 


SPIRALS 


422. When the type and length of spiral has been selected 
according to the sharpness of the main curve and the velocity 
expected, the positions of the beginning and the end of the 
spirals are computed by the same formulas developed for rail- 
road spirals. 

Since the chords and the deflection angles are predeter- 
mined, they are always the same, no matter what may be the 
definition of D. The lengths of spiral chords (not long chords) 
are always so nearly the same as the lengths of the arcs they 
subtend that ares and chords are always assumed to be exactly 
equal. Accordingly, the change in plus from the beginning to 
the end of a spiral is always equal to L, the length of spiral, 
which in turn is equal to the swm of the lengths of the chords. 
The plus of each spiral point is computed by adding the lengths 
of the chords involved. If it is necessary to mark the position 
of an exact station, the chord and the deflection angle neces- 
sary are found by straight-line interpolation between adjacent 
spiral points. 
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Example. The field notes are given for a spiral running 
from a tangent to a 6° curve. 


C = 30, n = 10, R = 300, plus of point of spiral 23+-41.11 


FIELD NOTES 


Station Chord Defiec. 

(10) 41.11 P.C. 30 O2d8 27” 
(9) 11.11 11.11 5° 00’ 05” 
26 18.89 4° 47’ 00” 

(8) 81.11 30 4° 26’ 44” 
(7), VBL AL 30 3° 53°22” 
(6) 21.11 2414 3° 20’ 02” 
25 8.89 2° 56’ 34” 

(5) 91.11 30 2°46’ 41” 
(4) 61.11 30 2° 13" 207 
(3) 31.11 30 1° 40’ 00” 
(2) 1k eal 1° 06’ 40” 
24 28.89 P20b 20 

QQ) 71 30 0° 33’ 20” 
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Volume of Triangular Prisms in Cu. Yds. 
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Yolumes for 50 ft. Lengths in Cu.Yds. 
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PLATE I]. THREE LEVEL SECTIONS 
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Volumes for 50 ft. Lengths in Cu.Yds. 
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PLATE Ill. THREE LEVEL SECTIONS 
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PLATE IV. PRISMOIDAL CORRECTIONS 
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PREFACE TO THE TWENTY-SECOND 
EDITION 


In ruts edition, three tables have been enlarged and im- 
proved and a new table has been added. 

Table VII now gives corrections to the nearest 0.01 ft for 
every 5 ft of chord length and for every degree of curvature 
up to 50°. It also gives factors which, when multiplied to- 
gether, give these values to the nearest 0.001 ft. 

Tables XXA and XXB were computed and arranged by 
Sol A. Bauer, a practicing civil engineer of Cleveland, Ohio. 
He has donated the tables as a contribution to the profession. 
They provide values to the eighth and seventh decimal places 
respectively and are the only tables of their kind, known to 
the author, that have been carried out to this precision. They 
replace old Table XX. 

Table LI has been improved and enlarged in accordance 
with the more general use of this table. 


12k, I, 
Princeton, N. J. 
November 1948. 
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PREFACE TO THE TWENTY-FIRST 
EDITION 


Tastes L, LI, and LII have been added to thisedition. All 
are from the author’s book entitled ‘Highway Curves.” The 
inclusion of these tables will now enable all necessary highway- 
curve computations to be made with greater ease. 

Thanks are due the American Railway Engineering Associa- 
tion, which furnished material for Tables X XIIA and XXIIB, 
replacing old tables of the same number. 

In the previous edition, seven-place natural function tables 
replaced five-place ones. Also Table XLII, Trigonometric 
Formulas, was greatly extended. 

lak (Oy gl 





PREFACE TO THE NINETEENTH 
EDITION 


BEGINNING with the seventeenth edition, the tables were 
published either separately or with the text. 

In the present edition, old Table 7 is omitted and is replaced 
by anew Table 7 entitled ‘‘Corrections for Subchord Lengths,” 
which did not previously have a separate number. The 
latter part of Table 9 is new and gives the ‘‘Elevation of the 
Outer Rail in Inches.” Table 43, Formulas, and ‘‘Explana- 
tion of Tables’”’ have been changed to conform to the revision 
of the text. The status of the other tables is as follows: 

In the seventeenth edition sixteen new tables were added. 
These were: Tables Nos. 11, 12, 18, 19, 22A, 22B, and 31 to 
40 inclusive. Table 18 replaced two tables in the previous 
edition. Tables 8, 9, 43 and 44 were either slightly changed 
or extended. 

Tables 11, 12, 31 and 32 were computed anew. ‘Tables 
34 to 40 inclusive are from Searles’ “‘ Railroad Spiral,’”’ some- 
what extended and rearranged. 

In the eighteenth edition Tables 45 to 49 inclusive, on the 
American Railway Engineering Association Spiral, were 
added. Tables 45, 47 and 48 were computed in order to 
make the spiral easier of application. 

The following from the preface to the first edition applies 
to other tables. 

“Among the tables, Nos. 2, 3, 7, 26, 29 and 48 are original. 
The adoption of versed sines and external secants throughout 
the work, wherever these would simplify the formulas, ren- 
dered necessary the preparation of tables of these functions. 
The table of logarithmic versed sines and external secants 
has been computed from ten-place logarithmic tables of sines 
and tangents, so that the last decimal is to be relied on, and 
no pains have been spared to make the table thoroughly 


accurate. 
ix 


x PREFACE 


“Tables Nos. 1, 4,5, 6,8, 9,22 and 30 have been recalculated, 
enlarged, and some of them carried to more decimal places 
than similar tables heretofore published. The intention has 
been to give one more decima¥ than usual, so that in any com- 
bination of figures the result of calculation might be reliable 
to the last figure usually required. 

“The tables which were compiled and rearranged are Nos. 
15, 16, 17, 24, 25, 41, 42 and 44. The tables of log sines and 
tangents here given are the only six-place tables which give 
the differences correctly for seconds. The table of logarithms 
of numbers is accompanied by a complete table of propor- 
tional parts, which greatly facilitates interpolation for the 
fifth and sixth figures. 

“Tn all the tables, whether new or old, scrupulous care has 
been taken to make the last figure correct, and the greatest 
diligence has been exercised by various checks and compari- 
sons to eliminate every error. It is, therefore, hoped and 
believed that a very high degree of accuracy has been 
obtained, and that these tables will be found to stand second 
to none in this respect.” 

Acknowledgments are made to the American Railway 
Engineering Association to use material in Tables 9, 13, 22A, 
22B, 33, 46 and 49; to W. & L. E. Gurley for permission to 
use the material in Table 19, which is from their manual. 

All the tables herewith presented have been recently 
proof-read and are believed to be exceptionally accurate. 
The Publishers and Reviser will be grateful to readers who 
will call their attention to any errors discovered. 

(eel Cee 

December 1924. 
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TABLE I. 

. Loga- | Tan. | Mid. 
Radius. | rithm. | Off. | Ord. 
R. log. R. | t. m. 
Infinite | Infinite | .000 | .000 
343775. | 5.536274 | .015 | .004 
171887. | 5.235244 | .029 | .007 
114592. | 5.059153 | .044 | .011 
85943.7 | 4.934214 | .058 | .015 
68754.9 .837304 | .073 | .018 
57295 .8 . 758123 | .087 | .022 
49110.7 -691176 | 102 | .025 
42971.8 -633184 | .116 | .029 
38197 .2 .582031 | .131 | .033 
34377.5 | 4.536274 | .145 | .036 
31252.3 | 4.494881 | .160 | .040 
28647 .8 -457093 | .17 «044 
26444 .2 . 422331 | .189 | .047 
24555.4 .890146 | .204 | .051 
22918.3 -860183 | .218 | .055 
21485.9 .832154 | .233 | .058 
20222.1 .805825 | .247 | .062 
19098.6 -281002 | .262 | .065 
18093 . 4 -257521 | .276 | .069 
17188.8 | 4.235244 | .291 | .073 
16370.2 | 4.214055 | .3805 | .076 
15626. 1 -193852 | .320 | .080 
14946 .7 174547 | .335 | .084 
14324.0 .156064 | .349 | .087 
13751.0 .138335 | .364 | .091 
13222.1 -121802 | .37 -095 
12732.4 .104911 | .393 | .098 
12277.7 -089117 | .407 | .102 
11854.3 .073877.| .422 |} .105 
11459.2 | 4.059154 | .486 | .109 
11089.6 | 4.044914 | .451 | .113 
10743 .0 .031125 | .465 | .116 
10417.5 .017762 | .480 | .120 
10111.1 | 4.004797 | .495 | .124 
9822.18 | 3.992208 | .509 | .127 
9549.34 .979973 | .524 ] .181 
9291.25 -968074 | .5388 | .185 
9046.75 .956493 | .553 | .138 
8814.78 .945212 | .567 | .142 
8594.42 | 3.934216 | .582 | .145 
8384.80 | 3.923493 | .596 | .149 
8185.16 -913027 | .611 | .153 
7994.81 902808 | .625 | .156 
7813.11 892824 | .640 | .160 
7639.49 883065 | .654 | .164 
7473.42 .873519 | .669 | .167 
7314.41 .864179 | .684 | .171 
7162.03 855036 | .698 | .174 
7015.87 .846082 | .713 | .178 
6875.55 | 3.837308 | .727 | .182 
6740.74 | 8.828708 | .742 | .185 
6611.12 820275 | .756 | .189 
6486 . 38 812002 | .771 | .193 
6366. 26 803885 | .785 | .196 
6250.51 795916 | .800 | .200 
6138.90 788091 814 | .204 
6031.20 780404 | .829 | .207 
5927.22 772851 844 | .211 
5826.76 -765427'| .858 | .215 
5729.65 | 8.758128 | .873 | .218 
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2 TABLE I.—RADII, LOGARITHMS, OFFSETS, ETC. 

Loga- | Tang. |,Mid. . Loga- ‘ang. | Mid. 

Deg. | Radius. Tidied Off ee Deg. | Radius. an. Off. | Ord, 
D. R. log. R. t. m. D. R. log. R. t. | m. 
2° 0’| 2864.93 | 3 457115 | 1.745 | .436 3° 0’| 1910.08 | 8.281051 | 2.618 | 654 
1 | 2841.26 -453511 | 1.760 | .440 1 | 1899.53 -278646 | 2.632 | 658 
2 | 2817.97 -449937 | 1.774 | 444 2 | 1889.09 -276253 | 2.647 | .662 
3 | 2795.06 -446392 | 1,789 | .447 3 | 1878.77 -278874 | 2.661 | 665 
4 772.53 44287 1.803 | .451 4 | 1868.56 -271508 | 2.676 | .669 

5 | 2750.35 -489388 | 1.818 | .454 5 | 1858.47 -269155 | 2.690 | .673 
6 | 2728.52 -485928 | 1.832 | .458 6 | 1848.48 -266814 | 2.705 | .676 
7 | 2707.04 -482495 | 1.847 | .462 7 | 1888.59 -264486 | 2.719 | .680 
8 | 2685.89 -429089 | 1.862 | .465 8 | 1828.82 -262170 | 2.784 | .684 
9 | 2665.08 -425710 | 1.876 | .469 9 | 1819.14 -259867 | 2.749 | .687 
10 | 2644.58 | 3.422856 | 1.891 | .473 10 | 1809.57 | 8.257576 | 2.763 | .691 
11 | 2624.39 | 3.419029 | 1.905 | .476 11 | 1800.10 | 8.255296 | 2.778 | .694 
12 | 2604.51 -415727 | 1.920 | .480 12 | 1790.73 -253029 | 2.792 | .698 
13 | 2584.93 -412449 | 1.934 | .484 13 | 1781.45 -250774 | 2.807 | .702 
14 | 2565.65 -409197 | 1.949 | .487 14 | 1772.27 + 248530 | 2.821 | .705 
15 | 2546.64 -405968 | 1.963 | .491 15 | 1763.18 -246297 | 2.886 | .709 
16 | 2527.92 -402763 | 1.978 | .494 16 | 1754.19 -244077 | 2.850 | .713 
17 | 2509.47 899582 | 1.992 | .498 17 | 1745.29 -241867 | 2.865 | .716 
18 | 2491.29 -396424 | 2.007 | .502 18 | 1736.48 -239669 | 2.879 | .720 
19 | 2473.37 -893289 | 2.022 | .505 19 | 1727 .%5 -237481 | 2.894 | .723 
20 | 2455.70 | 3.390176 | 2.086 | .509 20 | 1719.12 | 3.285305 | 2.908 | .727 
21 | 2438.29 | 3.387085 | 2.051 | .513 21 | 1710.57 | 3.238140 | 2.923 | .731 
22 | 2421.12 -384016 | 2.065 | .516 22 | 1702.10 -230985 | 2.988 | .734 
23 | 2404.19 -380969 | 2.080 | .520 23 | 1693.72 -228841 | 2.952 | .738 
24 | 2387.50 -3877943 | 2.094 | .524 24 he 42 -226707 | 2.967 | .'742 
25 | 2371.04 -3874938 | 2.109 | .527 25 | 1677.20 224584 | 2.981 | .745 
26 | 2354.80 -871954 | 2.123 | .5381 26 1669. 06 +222472 | 2.996 | .749 
27 | 2338.78 -868990 | 2.188 | .534 27 | 1661.00 -220369 | 8.010 | .753 
28 | 2322.98 -366046 | 2.152 | .538 28 | 1653.01 -218277 | 8.025 | .756 
29 | 2307.39 -863122 | 2.167 | .542 29 | 1645.11 -216195 | 3.089 | .760 
80 | 2292.01 | 8.860217 | 2.181 | .545 80 | 1637.28 | 3.214122 | 3.054 | .768 
81 | 2276.84 | 8.357382 | 2.196 | .549 81 | 1629.52 | 3.212060 | 3.068 | .767 
82 | 2261.86 -854466 | 2.211 | .553 82 | 1621.84 -210007 | 8.083 | .771 
33 | 2247.08 -851618 | 2.225 | .556 83 | 1614.22 -207964 | 8.097 | .774 
34 | 2232.49 -848789 | 2.240 | .560 84 | 1606.68 -205930"} 8.112 | .778 
35 | 2218.09 -845979 | 2.254 | .564 85 | 1599.21 -203906 | 3.127 | .782 
86 | 2208.87 843187 | 2.269 | .567 86 | 1591.81 -201892 | 8.141 | .785 
87 | 2189.84 -840412 | 2.288 | .571 87 | 1584.48 -199886 | 8.156 | .789 
88 | 2175.98 837655 | 2.298 | .574 88 | 1577.21 -197890 | 3.170 | .793 
89 | 2162.30 -884916 | 2.812 | .578 89 | 1570.01 -195903 | 8.185 | .796 
40 | 2148.79 | 8.332193 | 2.327 | .589 40 | 1562.88 | 3.193925 | 3.199 | .800 
41 | 2185.44 | 8.320488 | 2.344 | .585 41 | 1555.81 | 3.191956 | 3.214 | .g03 
42 | 2122.26 -826799 | 2.856 | .589 42 | 1548.80 -189996 | 8.228 | .807 
43 | 2109.24 824127 | 2 871 | .593 43 | 1541.86 -188045 | 3.243 | .811 
44 | 2096.39 821471 | 2.385 | .596 44 | 1584.98 -186103 | 3.257 | .814 
45 | 2083.68 | .818832 | 2.400 | .600 45 | 1528.16 | .184169 | 3.272 | .818 
46 | 2071.18 -816208 | 2.414 | .604 46 | 1521.40 - 182244 | 3.286 | .822 
47 | 2058.73 | .313600 | 2.429 | _607 47 | 1514.70 | .180327 | 3.301 | 825 
48 | 2046.48 811008 | 2.443 | .611 48 | 1508.06 -178419 | 3.316 | .829 
49 | 2034.37 -808431 | 2.458 | .614 49 | 1501.48 -176519 | 3.830 | (832 
50 | 2022.41 | 3.305869 | 2.472 | _618 50 | 1494.95 | 8.174627 | 3.345 | “836 
51 | 2010.59 | 3.303323 | 2.487 -622 51 | 1488.48 | 8.172744 | 3.359 | 840 
52 | 1998.90 -800791 | 2.501 | 625 52 | 1482.07 -170868 | 3.374 | .843 
58 | 1987.35 -298274 | 2.516 | .629 53 | 1475.71 -169001 | 3.888 | .847 
54 | 1975.93 295771 | 2.580 | .683 54) 1469.41 -167142 | 3.408 | .851 
55 | 1964.64 298283 | 2.545 | .636 55 | 1468.16 -165291 | 8.417 | .854 
56 | 1958.48 -290809 | 2.560 | .640 56 | 1456.96 -163447 | 3.432 | .858 
57 | 1942.44 288349 | 2.574 | .644 57 | 1450.81 -161612 | 3.446 | .862 
58 | 1981.53 -285902 | 2.589 | .647 58 | 1444.72 -159784 | 8.461 | .865 
59 | 1920.75 283470 | 2.603 | .651 59 | 1438.68 157968 | 3.475 | .869 
60 | 1910.08 | 3. 281051 | 2.618 | .654 60 | 1482.69 | 8.156151 -490 | 872 


TABLE I.—RADII, LOGARITHMS, OFFSETS, ETC. 3 
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; Loga- |Tang.| Mid. : Loga- |Tang.! Mid. 
Deg. | Radius. | vim. | On | Ora: || Deg. | Radius. rithm. | Of | Ord 
D. R. log. R. t. m. D. R. log. R. t. m. 
4° 0”| 1482.69 |3.156151 | 3.490 | .872 || 5° 0” | 1146.98 |3.059200 | 4.362 | 1 091 
1 | 1426.74 | 1154346 | 3.505 | ‘876 1 | 114247 | 1057846 | 4376 | 1.004 
2 | 1420.85 | |152548 | 3.519 | ‘880 2 | 1138/69 | /056407 | 4/391 | 1098 
3 | 1415.01 | 1150758 | 3534 | ‘883 8 | 1134.94 | 054972 | 41405 | 1109 
4| 1409.21 | /148075 | 3.548 | ‘897 4 | 1131.21 | 1053542 | 41420 | 1105 
5 } 1403.46 | -147200 | 31568 | ‘891 5 } 1127/50 | [052116 | 4/435 | 17109 
6 | 1397.76 | 1145431 | 31577 | ‘804 6 | 1123.82 | .050696 | 4.449 | 1.112 
7 | 1392.10 | |143670 | 31592 | “898 7 | 1120.16 | [049280 | 4/464 | 1116 
8 | 1386.49 | {141916 | 3.608 | 902 8 | 1116.52 | 047868 | 4.478 | 17120 
9 | 1380.92 | 1140170 | 3.621 | ‘905 § | 1112.91 | 1046462 | 4493 | 11193 
10 | 1375.40 |3.138430 | 3.635 | 909 10 | 1109.33 |3.045059 | 4.507 | 1/127 
11 | 1369.92 |3.136697 | 3.650] .912 11 | 1105.76 |3.048662 | 4.522 | 1.131 
12 | 1364.49 | -134971 | 3°664 | ‘916 12 | 1102.22 | 1042068 | 41536 | 17134 
13 | 1359/10 | |133251 | 8.679 | 1920 13 | 1098.70 | 1040880 | 4.551 | 1.138 
14 | 1353/75 | .131539 | 31693 | 993 14 | 1095.20 | |o39495 | 47565 | 1/149 
15 | 1348.45 | ‘129833 | 3'708 | “927 15 | 1091.73 | |038115 | 4.580 | 17146 
16 | 1343.18 | 7198134 | 3:728| 931 16 | 1088.28 | 1036740 | 4/694 | 1/149 
17 | 1387.96 | 196442 | 3'737 | 1934 17 | 1084.85 | :035368 | 4/609 | 1.153 
18 | 1332/77 | '124756 | 3.752 | 1938 18 | 1081.44 | .034002 | 4/628 | 4.157 
19 | 1327.63 | 1193077 | 3:766 | “942 19 | 1078.05 | .032639 | 4’638 | 1.160 
20 | 1322/53 |3.121404 | 8.781 | 1945 20 | 1074.68 |3.031281 | 4.653 | 17164 
21 | 1317.46 |3.119738 | 3.795 | .949 a1 | 1071.34 |3.020997 | 4.667 | 1.168 
22 | 1312.43 | .118078 | 31810 | "952 22 | 1068.01 | .028577 | 4.682 | 1/171 
23 | 1307.45 | 1116424 | 3.824 | “956 23 | 1064.71 | 1027231 | 4'606 | 1.175 
24 | 1302.50 | ‘114777 | 31830 | .960 24 | 1061.43 | 025890 | 4.711 | 1.179 
25 | 1297.58 | 1113136 | 3.853 | “963 25 | 1058.16 | 024552 | 4.725 | 11182 
26 | 1292.71 | 111501 | 31868 | "967 26 | 1054.92 | [023219 | 4.740 | 17186 
27 | 1287.87 | 109872 | 3.882] “971 27 | 1051.70 | 1021890 | 4.754 | 17190 
28 | 1283.07 | 1108249 | 3'897| “974 28 | 1048.49 | 1020565 | 4.769 | 1.193 
29 | 1278.30 | “106632 | 3'911 | "978 29 | 1045.31 | 1019244 | 4.783 | 1/197 
30 | 1273.57 |3.105022 | 31926 | “982 30 | 1042.14 |3.017927 | 4798 | 1200 
81 | 1268.87 |3.103417 | 3.941 | .985 31 | 1089.00 |3.016614 | 4.812 | 1.204 
32 | 1264.21 | 101818 | 31955 | 1989 32 | 1035.87 | 1015305 | 41827 | 1/208 
33 | 1259.58 | |100225 | 3.970 | 1993 38 | 1032.76 | 1013999 | 4/841 | 1/211 
34 | 1254.98 | “098638 | 3'984 | 1996 34 | 1029.67 | 1012698 | 4.856 | 1/015 
35 | 1250.42 | .097057 | 3.999 | 1000 35 | 1026.60 | 1011401 | 4.870 | 1/218 
36 | 1245.89 | .095481 | 4.013 | 1.003 36 | 1023.55 | 1010107 | 4.885 | 1/222 
37 | 1241.40 | .093912 | 4.028 | 1.007 37 | 1020.51 | 1008818 | 4.900 | 11296 
38 | 1236.94 | 1092347 | 41042 | 1.011 38 | 1017.49 | 1007532 | 41914 | 1.299 
39 | 1232.51 | ‘090789 | 4'057 | 1.014 39 | 1014.50 | {006250 | 4.929 | 1/233 
40 | 1228/11 |3.089236 | 4.071 | 1.018 40 | 1011.51 |3.004972 | 4.943 | 1.287 
41 | 1223.74 |3.087680 | 4.086 | 1.022 41 | 1008.55 |3.008698 | 4.958 | 1.240 
42 | 1219.40 | .086147 | 4.100 } 1.025 42 | 1005.60 | .002427 | 4.972 | 1.244 
43 | 1215.09 | 084610 | 4.115 | 1.029 43 | 1002.67 |3.001160 | 4.987 | 1.247 
44 | 1210.82 | |083079 | 4129 | 1.032 44 | 999.762 |2.999807 | 5.001 | 1.251 
45 | 1206.57 | 1081553 | 41144 | 1.036 45 | 996.867 | .998637 | 5.016 | 1.955 
46 | 1202.36 | 080033 | 4'159 | 1.040 46 | 993.988 | |997381 | 5.030 | 1.258 
47 | 1198.17 | 1078518 | 4173 | 1.043 47 | 991.126 | |996129 | 5.045 | 1.262 
48 | 1194.01 | .077008 | 4.188 | 1047 48 | 988.280 | .994880 | 5.059 | 1.266 
49 | 1189.88 | ‘075504 | 4202 | 1.051 49 | 985.451 | 1998635 | 5.074 | 1_269- 
50 | 1185.78 |3.074005 | 4'217 | 1.054 50 | 982.638 2.992393 | 6.088 | 1.273 
51 | 1181.71 8.072511 | 4.281 | 1,058 51 | 979.840 2.991155 | 5.108 | 1.277 
52 | 1177166 | .071022 | 4.246 | 1062 52 | 977.060 | .989921 | 5.117 | 1.280 
53 | 1173.65 | |069538 | 4.260 | 1.065 53 | 974.204 | ‘988690 | 5.182 | 1.284 
54 | 1169.66 | 1068059 | 4.275 | 1069 54 | 971.544 | 1987463 | 5.146 | 1.288 
55 | 1165.70 | 1066585 | 4.280 | 1.073 55 | 968.810 | .986e38 | 5.161 | 1.291 
56 | 1161.76 ; 1065116 | 4.804 | 1.076 56 | 966.091 | .985018 | 5.175 | 1.295 
87 | 1157.85 | |063653 | 4.318 | 1,080 57 | 963.887 | |988801 | 5.190 | 1.298 
58 | 1153.97 | 1062194 | 4.333 | 1,083 58 | 960.698 | .982587 | 5.208 | 1.302 
59 | 1150.11 | {060740 | 4.347 | 1,088 59 | 958.025 | _981377 | 5.219 | 1.306 
60 | 1146.28 |3059290 | 4.362 | 1,091 60 | 955.366 '2/980170 | 5.234 | 1.309 
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TABLE I. 
. Loga- 
Radius. feo alt 
R. log. R. 
955.866 |2.980170 
952.722 | .978966 
950.093 | .977766 
947.478 | .976569 
944.877 | .975875 
942.291 | .974185 
939.719 | .972998 
937.161 | .971814 
934.616 | .970633 
982.086 | .969456 
929.569 |2.968282 
927.066 |2.967111 
924.576 | .965943 
922.100 | .964778 
919.6387 | .963616 
917.187 | .962458 
914.750 | .961303 
912.326 960150 
909.915 959001 
907.517 | .957855 
905.181 |2.956711 
902.758 |2.955571 
900.397 | .954434 
898.048 | .953300 
895.712 | .952168 
893.388 | .951040 
891.076 | .949915 
888.776 | .948792 
886.488 | .947673 
884.211 | .946556 
881.946 |2.945442 
879.693 |2.944331 
877.451 | .948223 
875.221 | .942118 
873.002 | .941015 
870.795 | .939916 
868.598 | .938819 
866.412 | .937725 
864.238 | .936633 
862.075 | .935545 
859.922 |2.934459 
857.780 |2. 933376 
855.648 | .982295 
853.527 | .931218 
851.417 | .930142 
849.317 | .929070 
847.228 | .928000 
845.148 | .926938 
843.080 | .925869 
841.021 | .924807 
838.972 |2.923747 
836.933 2.922691 
834.904 | .921637 
832.885 | .920585 
830.876 | .919536 
828.76 | .918489 
826.886 | .917446 
824.905 | .916404 
822.934 | .915865 
820.973 | .914829 
819.020 |2.918295 
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R. 


819.020 


817.077 
815.144 
813.219 
811.303 
809.397 
807.499 
805.611 
803.731 
801.860 
799.997 


798.144 
796 .299 
794.462 
792.634 
790.814 
789 003 
787.200 
785.405 
783.618 
781.840 


780.069 
778.307 
776.552 
774,806 
773.067 
771.336 
769.613 
767 897 
766.190 
764.489 


762.797 
761.112 
759 434 
157.764 
756.101 
754.445 
752.796 
751.155 
749 521 
747.894 


746.274 
744.661 
743.055 
741.456 
739.864 
738.279 
736.701 
735.129 
733.564 
732.005 


730.454 
728.909 
727.370 
725.838 
724.312 
722.793 
721.280 
719.774 
718.273 
716.779 
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2.913295 


912263 
911234 
-910208 
. 909183 


2.908089 


2.902081 
-901076 
-900073 
-899073 


+894105 
2.893118 


2.892133 
-891151 
890171 
889193 
888217 
887244 
886272 
885303 
884336 
2.883371 


2.864514 


2.863593 
-862673 
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TABLE I.—RADII, LOGARITHMS, OFFSETS, ETC. 


Deg. | Radius. 
D. R. 


8° 0’| 716.77 


11 | 700.748 
12 | 699.326 
13 | 697.910 
14 | 696.499 
15 | 695.095 
16 | 693.696 
17 | 692.302 
18 | 690.914 
19 | 689.532 
20 | 688.156 


21 | 686.785 
22 | 685.419 
23 | 684.059 
24 | 682.704 
25 | 681.354 
26 | 680.010 
27 | 678.671 
28 | 677.338 
29 | 676.008 
80 | 674.686 


81 | 673.369 
82 | 672.056 


40 | 661.736 


41 | 660.468 
42 | 659.205 
43 | 657.947 
44 | 656.694 
45 | 655.446 
46 | 654.202 
47 | 652.963 
48 | 651.729 
49 | 650.499 
50 | 649.274 


51 | 648.054 
52 | 646.838 
53 | 645.627 
54 | 644.420 
55 | 643.218 
56 | 642.021 
57 | 640.828 


59 | 638.455 
60 | 687.275 
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854483 
-853583 
852684 
851787 
850892 
-849999 
-849108 
-848219 
-847331 
2.846445 


2.845562 
844679 
-843799 
842921 
-842014 
-841169 
-840296 
~839424. 
-838555 

2.837687 

2.836821 
.835956 
835093 
-8342382 
-833373 
~832515 
.831660 
830805 
-829953 

2.829102 


12. 828253 
827405 
826560 
~825715 
1824873 
824082 
.823193 
~ 822355 
1821519 

2.820685 

2.819852 
{819021 
1818191 
1817368 
"816537 
1815712 
1814889 
1814067 
"813247 

2.812428 


2.811611 
810796 
809982 
-809169 
808358 
807549 
806741 
805935 
805130 

2.804327 
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A Loga- | tan A 
Radius. rithm, | on 
R. log. R. ts 
687.275 |2.804327 | 7.846 
686.099 | .803525 | 7.860 
634.928 | .802724 | 7.875 
633.761 | .801926 | 7.889 
682.599 | .801128 | 7.904 
631.440 | .800332 | 7.918 
630.286 | .799538 | 7.933 
629.1386 | .798745 | 7.947 
627.991 | .797953 | 7.962 
626.849 | .797163 | 7 976 
625.712 |2.796374 | 7.991 
624.579 |2.795587 | 8.005 
623.450 | .794801 | 8.020 
622.825 | .794017 | 8.034 
621.208 | .793234 | 8.049 
620.087 | .'792453 | 8.063 
618.974 | .791673 | 8.078 
617.865 | .790894 | 8.092 
616.760 | .790117 | 8.107 
615.660 | .789341 | 8.121 
614.563 |2.'788566 | 8.136 
613.470 |2.789793 | 8.150 
612.380 | .787021 | 8.165 
611.295 | .786251 | 8.179 
610.214 | .785482 | 8.194 
609.186 | .784714 | 8.208 
608.062 | .783948 | 8.228 
606.992 | .783183 | 8.237 
605.926 | .782420 | 8.252 
604.864 | .781657 | 8.266 
603.805 |2.780897 | 8.281 
602.750 |2.780137 | 8.295 
601.698 | .779379 | 8.810 
600.651 | .778622 | 8.324 
599.607 | .777867 | 8.339 
598.567 | .777112 | 8.853 
597.530 | .776360 | 8.368 
596.497 | .775608 | 8.382 
595.467 | .774858 | 8.397 
594.441 | .774109 | 8.411 
593.419 |2. 778361 | 8.426 
592.400 |2.772615 | 8.440 
591.384 | .771870 | 8.455 
590.372 | .771126 | 8.469 
589.364 | .770383 | 8.484 
588.359 | .769642 | 8.498 
587.357 | .'768902 | 8.513 
586.359 | .'768164 | 8.527 
585.364 | .767426 | 8.542 
584.373 | .766690 | 8.556 
583.385 [2.765955 | 8.571 
582.400 |2.765221 | 8.585 
581.419 | .764489 | 8.600 
580.441 | .763758 | 8.614 
579.466 | .'763028 | 8.629 
578.494 | .762299 | 8.643 
577.526 | .761572 | 8.658 
576.561 760845 | 8.672 
575.599 | .760120 | 8.687 
574.641 | .'759397 | 8.701 
' 573.686 |2.758674 | 8.716 
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6 TABLE I.—-RADII, LOGARITHMS, OFFSETS, ETC. 


aa as TTL. “STANT TE RNERS STS Se ag 


Deg. | Radius. 


D. R. 


10° 0’ | 573.686 
2 


571.784 
4 | 569.896 
6 | 568.020 


18 | 557.019 


20 | 555.227 
22 | 553.447 
24 | 551.678 
26 | 549.920 
28 | 548.174 
30 | 546.438 
82 | 544.714 
34 | 543.001 
86 | 541.298 
38 | 539.606 


40 | 587.924 
12 | 536.253 
44 | 534.593 
46 | 532.943 
48 | 531.303 
50 | 529.673 
52 | 528.053 
54 | 526.443 
56 | 524.843 
58 | 523.252 


11°0 | 521.671 
2 | 520.100 

4 | 518.5389 
6 | 516.986 
8 | 515.443 
10 | 513.909 
12 | 512.385 
14 | 510.869 
16 | 509.363 
18 | 507.865 


20 | 506.376 


40 | 491.956 
42 | 490.559 
44 | 489.171 
46 | 487.790 
48 | 486.417 
50 | 485.051 
52 | 483.694 
54 | 482.344 
56 | 481.001 
58 | 479.666 
60 | 478.339 
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2.758674 


2.745870 


2. (44471 
743076 
- 741686 


"720029 
2.718711 


2.717397 
-716087 
-714781 
713479 
712181 
-710887 
- 709596 
. 708310 
707027 

2.705748 


2.704473 
- 708202 
«701934 
-'700671 
699410 
698154 
-696901 
- 695652 
-694407 

2.693165 


2.691926 
- 690692 
689460 
- 688233 
687008 
685788 
684570 
- 683857 
-682146 
680939 

2.679735 











Tang. 
Off. 


t. 











Mid. 
Ord, 


Seee 


ww cp 09 Co coos oo 09 
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Radius, 











423.316 
422.283 
421.256 
420. 233 
419 215 
418.203 
417.195 
416.192 
415.194 
414.201 
413.212 
412.229 
411.250 
410.275 


Loga-- 
rithm. 


log. R. 


2.679735 
678535 
-677338 
-676145 
- 674954 
-673767 
672584 
-671403 
- 670226 

2.669052 


2.667881 
- 666713 


2.656345 
- 655208 
654075 
-652944 
-651816 
-650691 


1647335 
2.646221 


2.645111 


644004 
-642899 
-641798 
-640699 
-6389603 
- 638510 
-637419 
- 636331 

2.635246 


2.684164 
683085 
632008 
- 680934 
- 629863 
- 628794 
627728 
- 626665 
625604 

2.624546 

2.623490 
-6224387 
621387 
- 620339 
- 619294 
-618251 
-617211 
-616173 
-615138 

614106 





2.613075 


Tang. 
Of 
t. 


10.453 
10.482 
10.511 
10.540 
10.569 
10.597 
10.626 
10.655 
10.684 
10.713 


10.742 
10.771 
10.800 
10.829 
10.858 
10.887 
10.916 
10.945 
10.973 
11.002 


11.031 
11.060 
11.089 
11.118 
11.147 
11.176 
11.205 
11.284 
11.263 
11.291 


11.320 
11.349 
11.378 
11.407 
11.436 
11.465 
11.494 
11.523 
11.552 
11.580 


11.609 
11.688 
11.667 
11.696 
11:'725 
11.754 
11.783 
11.812 
11.840 
11.869 


11.898 
11.927 
11.956 
11.985 
12.014 
12.048 
12.071 
12.100 
12.129 
12.158 





12.187 








etl 





TABLE I.—RADII, LOGARITHMS, OFFSETS, ETC. 7 





Loga- | Tan, Mid. || Loga- | Tan. | Mid. 
Deg. Radius.) yitnm, | Om: | Ord.|| Des- |Redius.| pith | om. | Ord. 


D. R. log. R.| t. m. D. R. | log. R.) tt. me 


14° . 410.275 |2.618075 | 12.187 | 3.058 | 16° 0! | 359.265 |2.555415| 13.917 | 3.496 























409.3806 | .612048 | 12.216 | 3.065 2 | 358.523} .554517| 13.946 | 3.504 
4 | 408.341 | .611023 | 12.245] 3.073 4 | 357.784 | .553621) 18.975 | 8.511 
6 | 407.380] .610000 | 12.274; 3.080 6 | 357.048} .552727| 14.004| 8.518 
8 | 406.424] .608980 | 12.302] 8.087 8 | 356.815} .551834) 14.033 | 3.526 


10 | 405.473] .607962 | 12.331) 3.095 10 | 355.585 | .550944| 14.061} 8.533 
12 | 404.526 | .606946 | 12.360 | 3.102 12 | 854.859 | .550055| 14.090] 8.540 
14 | 403.583) .605933 | 12.389 | 3.109 14 | 354.135 | .549169| 14.119 | 8.547 
16 | 402.645} .604923 | 12.418 | 3.117 16 | 853.414} .548284) 14.148 | 8.555 
18 | 401.712 | .603914 | 12.447 | 3.124 18 | 352.696 | .547401| 14.177 | 8.562 


400.782 }2.602908 | 12.476 | 3.131 20 | 351.981 |2.546519) 14.205 | 3.569 
399.857 | .601905 | 12.504 | 8.138 22 | 851.269} .545640) 14.284] 3.577 
398.937 | .600904 | 12.533 | 3.146 24 | 850.560} .544762) 14.263 | 8.584 
398.020] .599905 | 12.562] 3.153 26 | 849.854 | .543887| 14.292) 3.591 
397.108] .598908 | 12.591 | 3.160 28 | 849.150 543013] 14.820] 3.599 
396.200] .597914 | 12.620 | 3.168 80 | 348.450 | .542140) 14.849 | 3.606 
| 895.296 | .596922 | 12.649 | 3.175 82 | 347.752 | .541270| 14.378 | 8.613 
394.396 | .595933 | 12.678 | 3.182 84 | 847.057 | .540401| 14.407 | 3.621 
393.501 | .594945 | 12.706 | 3.190 36 | 846.365 | 589535] 14.486) 3.628 
392.609 | .593960 | 12.735 | 3.197 88 | 845.676 | .588670| 14.464} 3.635 


. 2.592978 | 12.764 | 3.204 40 | 844.990 2.537806) 14.493 | 8.648 
890.838 | .591997 | 12.793 | 3.211 42 | 844.306 | .536945) 14.522 | 3.650 
889.959 | .591019 | 12.822) 8.219 44 | 343.625 | .5386085) 14.551 | 8.657 
889.084) .590043 | 12.851 | 3.226 46 | 342.947) .535227| 14.580| 3.664 
8.233 48 | 342.271 | .534370| 14.608] 3.672 
z : : 38.241 50 | 841.598 | .538516] 14.637 | 3.679 
886.481 | .587128 | 12.987 | 3.248 52 | 340.928 | .532663) 14.666 | 3.686 
385.621 | .586161 | 12.966 | 3.255 54 | 840.260 | .531811| 14.695 | 3.694 
384.765 | .585196 | 12.995 | 3.263 56 | 839.595 | .580962) 14.728 “ 701 
383.918 | .584233 | 13.024] 8.270 58 | 888.933 | .580114) 14.752 | 3.708 


45° 0 | 383.065 |2.583272 | 13.053 | 8.277 | 17° 0 | 388.273 \2.529268) 14.781) 3.716 


8S 


EALVSSSRES SRESSBRY 
8 
8 





882.220} .582314 | 13.081 | 3.284 2 | 337.616 | .528424) 14.810] 8.723 
| 881.380] .581358 | 13.110 | 8.292 4 | 386.962 | .527581| 14.838 | 8.730 
| 880.543 | .580403 | 13.139 | 3.299 6 | 336.810 | .526740) 14.867 | 8.738 


@ 


| 879.709 | .579451 | 13.168 | 3.306 335.660 | .525900] 14.896 | 3.745 
| 878.880] .578501 | 13.197 | 8.314 10 | 885.013 | .525062) 14.925) 3.752 
| 878.054 | .577553 | 13.226 | 3.321 12 | 834.869 | .524226) 14.954) 3.760 
877.231 | .576608 | 13.254 | 3.328 14 | 383.727 | .5238392| 14.982| 3.767 
| 376.412] .575664 833.088 | .522559] 15.011 | 8.774 
875.597 | 574722 832.451 | .521728] 15.040} 3.781 


874.786 |2.573783 | 13.341 | 8.350 20 | 831.816 |2.520898] 15.069] 3.789 
| 873.977 | .572845 | 13.370 | 3.358 22 | 831.184] .520070) 15.097) 3.796 
| 873.173 | .571910 | 18.399 | 3.365 % | 830.555 | .519244) 15.126 | 3.803 
| 872.872 | .570977 | 13.427 | 8.372 26 | 829.928} .518419) 15.155) 3.811 
| 871.574 .570045 | 13,456 | 3.379 28 | 829.303 | .517596) 15.184) 3.818 
| 870.780 | .569116 | 13.485 | 3.387 30 | 828.689 | .516774) 15.212] 8.825 
| 869.989 | .568189 | 13.51- 328.061 | .515954) 15.241 | 3.833 
369.202} .567264 | 13.543 | 3.401 34 | 327.448] .515136] 15.270] 3.840 
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36 | 368.418 | .566340 | 13.572 | 3.409 36 | 826.828 | .514319/ 15.299} 3.847. 
88 | 367.637 | .565419 | 13.600 | 3.416 88 | 326.215 | .518504) 15.827) 3.855 
40 | 366.859 |2.564500 | 13.629 | 3.428 40 | 825.604 |2.512690] 15.856 | 8.862 
42 366.085} .563582 | 13.658 | 3.431 42 | 824.996} .511878| 15.885} 8.869 
44 | 365.315 | .562667 | 13.687 | 3.438 44 | 824.890 | .511067| 15.414} 8.877 
46 | 364.547 | .561754 | 13.716 | 3.445 46 | 323.786 | .510258) 15.442 | 8.884 
48 | 363.783} .560843 | 13.744 | 2.452 48 | 828.184} .509451| 15.471 | 8.891 
50 | 863.022 | .559933 | 13.773 | 8.460 50 | 822.585 | .508645} 15.500} 8.899 
52 | 362.264| .559026 | 13.802 | 3.467 52 | 821.989 | .507840) 15.529} 8.906 
54 | 361.510} .558120 | 13.881 | 8.474 54 | 821.894} .507037| 15.557 | 3.915 
56 | 360.758} .557216 | 13.860 | 3.482 56 | 320.801 | .506236) 15.586 | 3.920 
58 | 860.010} .556315 | 13.889 | 3.489 58 | 820.211) .505436) 15.615 | 3.928 
60 | 859.265 12.555415 | 13.917! 3.496 60 | 319.623 |2.604638) 15.643 | 3.935 


8 ‘TABLE I.—RADII, LOGARITHMS, OFFSETS, ETC. 





Deg. 











. Loga- 
Radius. rithm, 
R. log. R. 
819.623 2.504638 
319.037 | .503841 
818.453 | .503045 
817.871 | .502251 
817,292 | .501459 
316.715} .500668 
316.139 | .499879 
315.566} .499091 
814.993) .498304 
814.426 | .497519 
813.860 |2.496736 
813.295 | .495953 
812.782 | .495173 
812.172 | .494393 
311.613 | .493616 
311.056 | .492839 
810.502 | .492064 
309.949 | .491291 
309.399 | .490518 
308.850 | .489748 
808.808 |2.488978 
807.759 | .488210 
807.216) .487444 
806.675 | .486679 
806.186 | .485915 
805.599 | .485152 
305.064} .484391 
304.531] .483632 
304.000} .48287 
308.470} .482116 
302.9438 |2.481361 
302.417} .480607 
301.893 | .479854 
301.371 | .479102 
300.851 | .478352 
300.333] .477603 
299.816 | .476855 
299.302 | .476109 
298.789 | .475364 
298.278 | .474621 
297.768 |2. 473878 
297.260| .473137 
296.755 | .4723898 
296 .250| .471659 
295.748 | .470922 
295.247 | .470186 
294.748 | .469452 
294.251) .468718 
293.756 | .467986 
293.262 | .467256 
292.770 |2.466526 
292.279 | .465798 
291.790] .465071 
291.303 | .464345 
290.818 | .463621 
290.3884] .462897 
289.851] .462175 
289.371 | .461455 
288.892 | .460735 
288.414} .460017 
287.939 |2.459300 








Tang. 
Off. 


t. 





15. 643 


16.992 
17.021 
17.050 


17.078 
17.107 
17.136 
17.164 
17.193 
17.222 
17.250 
17.279 
17.308 
17.336 
17.365 








4.206 


4.287 








Deg. 
D. 


20° 0’ 





R. 


285.583 
283.267 
280.988 
278.746 
276.541 
274.370 


10 | 272.234 


50 
80° 0 


270.182 
268.062 
266.024 
264.018 


262.042 
260.098 
258.180 
256.292 
254.431 
252.599 
250.793 
249.013 
247.258 
245.529 
243 825 
242.144 


212.893 
211.620 
210.362 
209.119 
207.891 


206.678 





Radius. 


287.939 


Loga- | Tang. 
rithm. | Off. 
log. R.| t. 


2.459300) 17.865 
455733) 17.508 
452195) 17.651 
448688) 17.794 
445209) 17.937 
-441759) 18.081 

2.438837) 18.224 
434943) 18.367 
431576] 18.509 
428235] 18. 652 
424921 | 18.795 
.421633) 18.938 


2.418371) 19.081 
415134! 19.224 
411922) 19.366 
.408734| 19.509 
.405571| 19.652 
402481) 19.794 

2.399315! 19.937 
-396222) 20.079 
.393151| 20.222 
390103} 20.364 
387077) 20.507 
.384074! 20.649 


2.381091) 20.791 
378130) 20.933 
305190) 21.076 
372270) 21.218 
.369371| 21.360 
-366492) 21.502 
2.363633) 21.644 
860794} 21.786 
857974! 21.928 
855173) 22.070 

- 852891 | 22.212 
-849627) 22.353 


2.846882) 22.495 
844155! 22.637 
©1446) 22.778 
.388755) 22.920 
836081) 23.062 
833424 23.203 

2.330785) 23.345 
-828162| 23.486 
-825556 | 23.627 
-822967| 23.769 
820393, 23.910 
817836, 24.051 


2.315295| 24.192 
"312769 24.333 
"310259 24.474 
‘307764. 24.615 
"305285. 24.756 
"302820! 24.897 

2.300370! 25.038 
"297935, 25.179 
'295515| 25.320 
1298108) 25.460 
200716) 25.601 
£288338) 25.741 

2.285974| 25.882 
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TABLE I.—RADII, LOGARITHMS, OFFSETS, ETC. 


Ba —~- 50 OO 


i Loga- | Tang. 
Deg. |Radius. rithm, | Off. 


D. R. log. R. te 








30° 20’) 191.111 |2.281286 | 26.163 
40 | 189.083) .276652 | 26.443 
81° 0 187.099) .272071 | 26.724 
20 | 185.158) .267541 | 27.004 

40 | 183.258) .263062 | 27.284 
82° 0’ 181.398] .258632 | 27.564 
20 | 179.577 | .254250 | 27.848 

40 | 177.794] .249916 | 28.123 
33° 0/| 176.047 | .245628 | 28.462 
20 | 174.336 | .241386 | 28.680 

40 | 172.659} .237188 | 28.959 
0’ | 171.015 |2.2330385 | 29.237 
20 | 169.404] .228924 | 29.515 
40 | 167.825 | .224855 | 29.793 
166.275 | .220828 | 30.071 
20 | 164.756) .216842 | 30.348 

40 | 163.266} .212895 | 30.625 
36° 0’| 161.803 | .208988 | 30.902 
20 | 160.368] .205119 | 31.178 

40 | 158.960} .201288 | 31.454 
87° 0/| 157.577 | .197494 | 31.730 
20 | 156.220} .193736 | 382 006 

40 | 154.887 | .190014 | 32.282 
88° 0/| 153.578 2.186328 | 82.557 


i} 
or 

° 
R 














Mid. 
Ord. 


"S 
oO 
wo fw 
eo 














. |Radius. 
D. R. 


151.657 
149.787 
147.965 
146.190 
| 144.460 

142.773 
0 | 141.127 
189.521 
30 | 137.955 
| 186.425 
0 | 134.932 


0 | 132.049 
130. 656 
0 | 129.296 
127.965 
0 | 126.664 
125.392 
0 | 124.148 
122.930 
30 | 121.738 
49° 0’ 120.571 
0 | 119.429 
118.310 


log. R.| t. 





Loga- | Tang. 
rithm. of 





| 
2.180863 32.969 
175475 33.381 
.170160 33.792 
164918 34.202 
159747 34.612 
154645 35.021 
149610 35.429 
144641) 35.837 
.189736 36.244 
.134895 36.650 
.130114 37.056 
133.473)2 .125395 37.461 
120734 37.865 
.116130, 38.268 
111584 38.671 
.107092 39.073 
102655 39.474 
.098270, 39.875 
.093928 40.275 
.089657, 40.674 
.085425, 41.072 
.081243) 41.469 
.077109! 41.866 
2.073022, 42.262 
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Mid. 
Ord, 


ana 


TABLE II.—CORRECTIONS FOR TANGENTS AND EXTERNALS 


——_ 





For TANGENTS, ADD 





Ang] 50 | 10° | 15° | 20° | 25° 
4 | Cur.| Cur.) Cur.| Cur.) Cur. 


\ 


10°} .03 | .06 | .09| .18) .16 




















60 | .21 | .42 | .63) .84; 

70 | .25 | .51 | .76|1.02/1.28 
80 | .80 | .61 | .91 | 1.22 | 1.53 
90 | .86 | .72 | 1.09 | 1.45 | 1.83 
100 | .43 | .86 |1.30|1 74/218 
110 | .51 |1.03 | 1.56 | 2 08 | 2.61 
120 | .32 (1.25 | 1.93 | 2.52 | 3 16 














80° 
Cur. 








SECO sae 
Le SSRENSSSES 











For EXTERNALS, ADD 











jAng| 50 | 40° 
4 | Cur.| Cur. 
10°} .001 | .003 
20 | .006 | .011 
30 | .013 | .025 
40 | .023) .046 
50 | .037 | .075 
60 | .056) .112 
70 | .080) .159 
80 | .110] .220 
90 | .149) .299 
100 | .200) .401 
110 | .268| .536 
120 | .3860) .721 














15° | - 20° | 25e | 30° 
Cur. | Cur. | Cur. | Cur. 
.004| .006 | .007| .008 
-017| .022 | .028| .084 
.088| .051 | .065| .078 
.070| .0938 | .117| .141 
.116| .151 | .189| .227 
-168| .225 | .283| .340 
-240| .821 | .408 | .485 
.882| .445 | .558| .671 
.450| .608 | .756 | .910 
-604| .809 |1.015 |1.221 
806 |1.082 |1.355 |1.683 
1.086 |1.456 |1.825 |2.197 





10 





10 


SES 





TABLE IIJ.—TANGENTS AND EXTERNALS 


















































213.86 


Tan- | Exter- |! Tan- | Exter- Tan- 
gent nal. || Angle gent nal. || Angle. gent, 
T. E. || 4 T. E. A T. 

50.00 .218 |} 11 551.70 | 26.500 21° 1061.9 

58.34 297 10’) 560.11 | 27.313 40’| 1070.6 

66.67 388 20 | 568.53 | 28.137 20 | 1079.2 

75.01 491 30 | 576.95 | 28.974 80 | 1087.8 

83.34 606 40 | 585.36 | 29.824 40 | 1096.4 

91.68 733 50 | 593.79 | 30.686 50 | 1105.1 
100.01 .873 || 12 602.21 | 31.561 || 22 1113.7 
108.85 1.024 10 610.64 | 32.447 10 | 1122.4 
116.68 1.188 20 619.07 | 33.347 20 | 1131.0 
125.02 1.364 80 | 627.50 | 34.259 30 | 1189.7 | 
133.36 | 1.552 40 | 635.93 | 35.183 40 | 1148.4 | 
141.70 1.752 50 | 644.37 | 86.120 50 | 1157.0 | 
150.04 1.964 |} 18 652.81 | 37.070 || 93 1165.7 
158.38 2.188 10 | 661.25 | 38.031 10 | 1174.4 
166.72 | 2.425 20 | 669.70 | 39.006 20 | 1183.1 
175.06 | 2.674 30 678.15 | 39.993 80 | 1191.8 
183.40 2.934 40 | 686.60 | 40.992 40 } 1200.5 
191.74 | 3.207 50 | 695.06 | 42.004 50 | 1209.2 
200.08 | %.492 || 14 703.51 | 43.029 || 94 1217.9 
208.43 | 38.790 10| 711.97 | 44.066 10; 1226.6 
216.77 | 4.099 20 | 720.44 | 45.116 20 | 1285.38 
225.12 4.421 30 728.90 | 46.178 80 | 1244.0 
233.47 | 4.755 40 | 787.387 | 47.253 40 | 1252.8 
241.81 5.100 50 | 745.85 | 48.341 50 | 1261.5 
250.16 5.459 || 15 754.382 | 49.441 || 95 1270.2 
258.51 5.829 10 | 762.80 | 50.554 10 | 1279.0 
266.86 6.211 20 771.29 | 51.679 20 | 1287.7 
275.21 6.606 80 | 779.77 | 52.818 80 | 1296.5 
283.57 | 7.013 40 788.26 | 53.969 40 | 1305.3 
291.92 7.432 50} 796.75 | 55.132 50 | 1314.0 
300.28 | 7.863 || 16 805.25 | 56.309 || 96 1322.8 
308.64 | 8.307 10 | 813.75 | 57.498 10 | 1831.6 
~316.99 | 8.762 20 | 822.25 | 58.699 20 | 1840.4 
825.385 9.230 30 830.76 | 59.914 380 | 1349.2 
333.71 9.710 40 | 839.27 | 61.141 40 | 1858.0 
342.08 | 10.202 50} 847.78 | 62.381 50 | 1366.8 
850.44 | 10.707 || 17 856.30 | 63.634 || 97 1375.6 
858.81 | 11.224 10 | 864.82 | 64.900 10 | 1884.4 
367.17 | 11.753 20 | 873.35 | 66.178 20 | 1893.2 
375.54 | 12.294 380 | 881 88 | 67.470 30 | 1402.0 
383.91 | 12.847 40 | 890.41 | 68.774 40 | 1410.9 
892.28 | 13.413 50 | 898.95 | 70.091 50 | 1419.7 
400.66 | 13.991 || 18 907.49 | 71.421 || 98 1428.6 
409.03 | 14.582 10 916.03 | 72.764 10 | 1487.4 
417.41 | 15.184 20 |} 924.58 | 74.119 20 | 1446.3 
425.79 | 15.799 80 | 983.13 | 75.488 80 | 1455.1 
434.17 | 16.426 40 | 941.69 | 76.869 40 | 1464.0 
442.55 | 17.065 50 | 950.25 | 78.264 50 | 1472.9 
450.93 | 17.717 || 19 958.81 | 79.671 || 29 1481.8 
459.32. | 18.381 10 | 967.88 | 81.092 10 | 1490.7 : 

20 7.71.1 19.058 20 | 975.96 | 82.525 20 | 1499.6 3 
476.10 | 19.746 30 | 984.53 | 83.972 80 | 1508.5 
484.49 | 20.447 40 | 998.12 | 85.431 40 | 1517.4 
492.88 | 21.161 50 | 1001.7 | 86.904 50 | 1526.3 : 
501.28 | 21.887 || 20 1010.3 | 88.389 || 30 1535.3 : 
509.68 | 22.624 10 | 1018.9 89.888 10 | 1544.2 § 
518.08 | 23.3875 20 | 1027.5 91.399 20 | 1553.1 
526.48 | 24.188 80 | 1086.1 92.924 30 | 1562.1 
534.89 | 24.913 40 | 1044.7 94.462 40 | 1571.0 
543.29 | 25.700 50 | 1058.3 | 96.013 50 | 1580.0 
ae SS 


TO A 1° CURVE 





Angle. 


31° 


32 


33 


34 


36 


37 


38 


89 


40 





50 





Tan- 
gent. 


T. 





| 1589.0 


1598.0 
1606.9 
1615.9 


| 1624.9 


1683.9 
1643.0 
1652.0 


380.76 














Angle. 





41° 


42 


43 


44 


45 


46 


47 


48 


49 


50 





460.95 


468.35 


472.08 
475 82 
479.59 
483 .37 
487.17 
490.98 
494.82 
498.67 
502.54 


510.33 
514.25 


518.20 
522.16 
526.13 
5380.13 
534.15 
538.18 


546.30 
550.39 
654.50 
558.63 
562.77 


566.94 
571.12 
575.32 
579.54 
583.78 
588 .04 
592.32 
596.62 


605.27 
609.62 





614.00 





Angie, 





51° 


52 


53 


54 


55 


56 


57 


58 





60 








Tan- 
gent, 


T. 





2782.9 
2743.1 
2753.4 


| 2972.1 


2982.7 
2993.3 
8003.9 
8014.5 
8025.2 
8035.8 
3046.5 
8057.2 
8067.9 
3078.7 
8089.4 
8100.2 


8110.9 








769.66 


779.83 
784.94 


790.08 


800.42 
805.62 
810.85 
816.10 
821.87 
826.66 
831.98 
837.31 
842.67 
848.06 
853.46 
858.89 


869.82 
875 .32 
880.84 


891.95 
897.54 | 
903.15 

908.79 
914.45 


12 


62 


63 


64 


65 


66 


67 


68 


69 





TABLE III.—TANGENTS AND EXTERNALS 


Tan- 
gent. 





3375.0 
3386.3 
8397.5 











1215.8 


1222.7 

1229.7 
1286.7 
1243.7 
1250.8 
1257.9 
1265.0 
1272.1 
1279.3 
1286.5 
1298.6 
1300.9 








Angle. 


wae 


72 


73 


74 


75 


76 


17 


78 


79 


80 




















88 











Angle. 


81° 


82 


83 


84 


85 


86 


| 87 


89 


90 





5746.8 
5763.1 
5779.9 
5796.7 
5813.6 








1891.2 
1900.9 
1910.7 


1920.5 
1930.4 
1940.3 
1950.3 
1960.2 
1970.3 
1980.4 
1990.5 
2000.6 
2010.8 
2021.1 
2031.4 


2041.7 
2052.1 
2062.5 
2073.0 
2083.5 
2094.1 
2104.7 
2115.3 
2126.0 
2186.7 
2147.5 
2158.4 


2169.2 
2180.2 
2191.1 
2202.2 
2213.2 
2224.3 
2235.5 
2246.7 
2258.0 
2269.3 
2280.6 
2292.0 


2303.5 
2315.0 
2326.6 
2338.2 
2349.8 
2361.5 
2373.3 
2385.1 
2397.0 
2408.9 
2420.9 





2432.9 











TO A 1° CURVE 13 

Tan- Ex- Tan- Ex- Tan Ex- 

enelg. gent. | ternal. Angle gent. | ternal. Angle. gent. | ternal 
A T. EK. A fs E. A De E. 

i 

91° 5830.5 | 2444.9 |} 101° | 6950.6 | 3278.1 |) 111° 8336.7 | 4386.1 
10’) 5847.5 | 2457.1 10’) 6971.3 | 3294.1 10’| 8862.7 | 4407.6 
20 | 5864.6 | 2469.3 20 | 6992.0 | 3310.1 20 | 8388.9 | 4429.2 
30 | 5881.7 | 2481.5 30 | 7012.7 | 3326.1 80 | 8415.1 | 4450.9 
40 | 5898.8 | 2493.8 40 | 7033.6 | 3342.3 40 | 8441.5 | 4472.7 
50 | 5916.0 | 2506.1 50 | 7054.5 | 3358.5 50 | 8468.0 | 4494.6 
92 5933.2 | 2518.5 || 102 7075.5 | 3374.9 || 112 8494.6 | 4516.6 
10 | 5950.5 | 2531.0 10 | 7096.6 | 3391.2 10 | 8521.3 | 4538.8 

20 | 5967.9 | 2543.5 20 | 7117.8 | 3407.7 20 | 8548.1 | 4561.1 
30 | 5985.3 | 2556.0 30 | 7139.0 | 3424.3 30 | 8575.0 | 4583.4 
40 | 6002.7 | 2568.6 40 | '7160.3 | 3440.9 40 | 8602-1 | 4606.0 

50 | 6020.2 | 2581.3 50 | 7181.7 | 3457.6 50 | 8629.3 | 4628.6 
93 6037.8 | 2594.0 || 103 7203.2 | 3474.4 || 113 8656.6 | 4651.3 
10 | 6055.4 | 2606.8 10 | 7224.7 | 3491.3 10 | 8684.0 | 4674.2 
20 | 6073.1 | 2619.7 20 | 7246.3 | 3508.2 20 | 8711.5 | 4697.2 

30 | 6090.8 | 2632.6 30 | 7268.0 | 3525.2 30 | 8739.2 | 4720.3 
40 | 6108.6 | 2645.5 40 | 7289.8 | 3542.4 40 | 8767.0 | 4743.6 
50 | 6126.4 | 2658.5 50 | 7311.7 | 3559.6 50 | 8794.9 | 4766.9 
94 6144.3 | 2671.6 || 104 7333.6 | 3576.8 || 114 8822.9 | 4790.4 
10 | 6162.2 | 2684.7 10 | 7355.6 | 3594.2 10 | 8851.0 | 4814.1 
20 | 6180.2 | 2697.9 20 | 7377.8 | 3611.7 20 | 8879.3 | 4837.8 

30 | 6198.3 | 2711.2 80 | 7399.9 | 3629.2 30 | 8907.7 | 4861.7 

40 | 6216.4 | 2724.5 40 | 7422.2 | 3646.8 40 | 8936.3 | 4885.7 
50 | 6234.6 | 2737.9 50 | 7444.6 | 3664.5 50 | 8965.0 | 4909.9 
95 6252.8 | 2751.3 || 105 7467.0 | 8682.3 || 115 8993.8 | 4984.1 
10 | 6271.1 | 2764.8 10 | 7489.6 | 3700.2 10 | 9022.7 | 4958.6 
20 | 6289.4 | 2778.3 20 | 7512.2 | 3718.2 20 | 9051.7 | 4983.1 
80 | 6307.9 | 2792.0 30 | '%534.9 | 3736.2 30 | 9080.9 | 5007.8 
40 | 6326.3 | 2805.6 40 | 7557.7 | 3754.4 40 | 9110.3 | 5032.6 
50 | 6344.8 | 2819.4 50 | '%580.5 | 8772.6 50 | 9139.8 | 5057.6 
96 6363.4 | 2833.2 || 106 7603.5 | 3791.0 |) 116 9169.4 | 5082.7 
10 | 6382.1 | 2847.0 10 | '%626.6 | 3809.4 10 | 9199.1 | 5107.9 

20 | 6400.8 | 2861.0 20 | 7649.7 | 3827.9 20 | 9229.0 | 5133.3 
80 | 6419.5 | 2875.0 30 | '7672.9 | 3846.5 30 | 9259.0 | 5158.8 
40 | 6438.4 | 2889.0 40 | 7696.3 | 3865.2 40 | 9289.2 | 5184.5 
50 | 6457.3 | 2903.1 50 | 7719.7 | 3884.0 50 | 9319.5 | 5210.3 
97 6476.2 | 2917.3 || 107 7743.2 | 3902.9 || 117 9349.9 | 5286.2 
10 | 6495.2 | 2931.6 10 | 7766.8 | 3921.9 10 | 9380.5 | 5262.3 
20 | 6514.3 | 2945.9 20 | 7790.5 | 3940.9 20 | 9411.3 | 5288.6 
30 | 6533.4 | 2960.3 30 | 7814.3 | 3960.1 80 | 9442.2 | 5315.0 
40 | 6552.6 | 2974.7 40 | 7838.1 | 3979.4 40 | 9473.2 | 5341.5 
50 | 6571.9 | 2989.2 50 | 7862.1 | 3998.77 50 | 9504.4 | 5368.2 
98 6591.2 | 3003.8 || 108 7886.2 | 4018.2 || 118 9535.7 | 5895.1 
10 | 6610.6 | 3018.4 10 | 7910.4 | 4037.8 10 | 9567.2 | 5422.1 

20 | 6630.1 | 3033.1 20 | 7934.6 | 4057.4 20 | 9598.9 | 5449.2 
80 | 6649.6 | 3047.9 30 | '7959.0 | 4077.2 30 | 9680.7 | 5476.5 
40 | 6669.2 | 3062.8 40 | 7983.5 | 4097.1 40 | 9662.6 | 5504.0 
50 | 6688.8 | 3077.7 50 | 8008.0 | 4117.0 50 | 9694.7 | 5581.7 
99 6708.6 | 3092.7 || 109 8032.7 | 4137.1 || 119 9727.0 | 5559.4 
10 | 6728.4 | 3107.7 10 | 8057.4 | 4157.3 10 | 9759.4 | 5587.4 
20 | 6748.2 | 3122.9 20 | 8082.3 | 4177.5 20 | 9792.0 | 5615.5 
30 | 6768.1 | 3138.1 30 | 8107.3 | 4197.9 80 | 9824.8 | 5643.8 
40 | 6788.1 | 3153.3 40 | 8132.8 | 4218.4 40 | 9857.7 | 5672.8 
50 | 6808.2 | 3168.7 50 | 8157.5 | 4239.0 50 | 9890.8 | 5700.9 
100 6828.3 | 3184.1 || 110 8182.8 | 4259.7 || 120 9924.0 | 5729.7 
10 | 6848.5 | 3199.6 10 | 8208.2 | 4280.5 10 | 9957.5 | 5758.6 

20 | 6868.8 | 3215.1 20 | 8233.7 | 4301.4 20 | 9991.0 | 5787.7 
80 | 6889.2 | 3230.8 80 | 8259.3 | 4322.4 80 |10025.0 | 5817.0 
40 | 6909.6 | 3246.5 40 | 8285.0 | 4343.6 40 |10059.0 | 5846.5 

50 | 6930.1 | 3262.3 50 | 8310.8 | 4364.8 50 |10093.0 | 5876.1 
rT 
























































14 ' TABLE IV.-—LONG CHORDS 
A a 

















Actual \ Lone Cxyorps. 
peeps Are, 
° One i 
< 2 3 4 5 6 
Curve. | Station. Stations. | Stations. | Stations. | Stations. | Stations. 
Q° 10’ 100.000 200.000 299.999 899.998 499.996 599.993 
20 . 000 199.999 299.997 899.992 499 983 599.970 
30 -000 199.998 299.992 399.981 499 . 962 599.933 
40 001 199.997 299.986 899 .966 499 . 932 599.882 
50 001 199.995 299.979 899.947 499.894 599.815 
1 100.001 199.992 299.970 899.924 499.848 599.733 
10 002 199.990 299,959 899.896 499.793 599. 637 
20 .002 199.986 299.946 399.865 499.729 599.526 
30 -003 199.983 299 .932 899.829 499.657 599.401 
40 .003 199.979 299.915 899.789 499.577 599.260 
50 -004 199.974 299.898 899.744 499.488 599.105 
2 100.005 199.970 299.878 899.695 499.391 598.934 
10 006 199.964 299.857 899.643 499.285 598 . 750 
20 007 199.959 299.834 899.586 499.171 598.550 
30 -008 199.952 299.810 899.524 499 .049 598.336 
40 -009 199.946 299.783 899.459 498.918 598.106 
50 -010 199.939 299.756 899.389 498.778 597.862 
3 100.011 199.931 299.726 899.315 498 .630 597.604 
10 013 199.924 299.695 899,237 498.474 597.3381 
20 .014 199.915 299.662 399.154 498 .309 597.043 
30 015 199.907 299.627 899 .068 498.136 596.740 
“017 199.898 299.591 898 .977 497.955 596.423 


019 199.888 299.553 898 . 882 497.765 596.091 


4 100.020 199.878 299.513 898 . 782 497 .566 595.744 
- 022 199.868 299.471 898.679 497.360 595.383 
- 024 199.857 299 428 898 571 497.145 595 .007 
E F 398 .459 496.921 594.617 
028 199.834 299.837 398 .343 496 . 689 594.212 
a 199.822 299.289 898 . 223 496.449 593.792 
5 100.032 199.810 299.239 898 .099 496 .201 593.358 


ssexe 
SEs 
iS 
Be 
Be 
Oo 














10 034 199.797 299.187 | 397.970 | 495.944 | 592.909 
20 .036 199.783 299.184 | 397.887 | 495.678 | 592.446 
30 .038 199.770 299.079 | 397.700 | 495.405 | 591.968 
40 041 199.756 299.023 | 397.559 | 495.128 | 591.476 
50 .048 199.741 298.964 | 897.413 | 494.882 | 590.970 

6 100.046 199.726 298.904 | 397.264 | 494.584 | 590.449 
10 -048 199.710 298.843 397.110 494 227 589.913 
20 .051 199.695 298.779 | 396.952 | 493.912 | 589.364 
30 .054 199.678 298.714 | 396.790 | 493.588 | 588.800 
40 .056 199.662 298.648 | 896.623 | 493.257 | 588.991 
50 .059 199.644 298.579 | 396.453 | 492.917 | 587.628 

7 100.062 199.627 298.509 | 896.278 | 492.568 | 587.021 
10 .065 199.609 298.438 896.099 492.212 586.400 
20 .068 199.591 298.364 | 395.916 | 491.847 | 585.765 
30 071 199.572 298.289 | 395.729 | 491.474 | 585.115 
40 075 199.553 298.212 395.538 491.093 584.451 
50 078 199.533 298.184 | 395.342 | 490.704 | 588.773 

8 100.081 199.513 298.054 | 395.142 | 490.306 583.081 
10 .085 199.492 297.972 | 894.938 | 489.900 | 582.375 
20 .088 199.471 297.888 | 394.731 489.486 | 581.654 
30 .092 199.450 297.803 | 894.518 | 489.064 | 580.920 
40 .095 199.428 297.716 | 394.302 | 488.634 | 580.172 
50 .099 199.406 297.628 | 894.082 | 488.196 | 579.409 

9 100.103 199.383 297.538 | 893.857 | 487.749 | 578 633 
10 .107 199.360 297.446 | 893.629 | 487.204 | 577.843 
20 Shel 199.337 297.852 | 393.396 | 486.8382 | 577.039 
30 145 199.318 297.257 | 393.159 | 486.361 576.222 
40 119 199.289 297.160 | 392.918 | 485.882 | 575.390 
50 .128 199.264 297.062 | 892.673 | 485.395 | 574.545 

10 100.127 199.239 296.962 | 892.424 | 484.900 | 578.686 














10 





TABLE IV.—LONG CHORDS 


15 


eC 


Lone CHORDS. 





q 
Stations. 


699.988 
699.953 
699.893 
699.810 
699. 704 
699.574 
699.420 
699.242 
699.041 
698.816 
698.567 


698.295 
698.000 
697.680 
697.338 
696.971 
696.581 
696.168 
695.731 
695.271 
694.787 
694.280 
693.750 


693.196 
692.619 
692.018 
691.395 
690.748 
690.079 
689.386 
688.670 
687.930 
687.169 
686 .384 
685.576 


684,745 
683.892 
683 .016 
682.117 
681.195 
680.251 
679.285 
678.296 
677.284 
676.250 
675.194 
674.116 


673.015 
671.892 





8 
Stations, 





799. 982 
799.929 
799.840 
799.716 
799.556 
799.360 
799.130 
798.863 
798 .562 
798 . 224 
797.852 


759.670 
757.999 
756.295 
54.560 
752.792 
750 .993 
749.161 
747.299 
745.404 
743.479 
741.522 
739.585 
737.516 











9 
Stations. 


899 974 


869.219 


867.454 
865.642 
863.782 
861.875 
859 .922 
857.921 
855.874 
853.780 


811.314 











10 11 
Stations. | Stations. 
999.965 1099.95 
999.860 1099.81 
999.686 1099.58 
999.442 1099.25 
999.128 1098 .84 
998.744 1098.33 
998.290 1097.72 
997.768 1097.02 
997.175 1096.23 
996.513 1095.35 
995.782 1094.38 
994.981 1093.31 
994.112 1092.15 
993.173 1090.90 
992.165 1089.56 
991 .088 1088.12 
989.943 1086.60 
988.729 1084.98 
987.447 1083.28 
986.096 1081.48 
984.677 1079.59 
983.190 1077.61 
981.636 1075.54 
980.014 1073.38 
978.825 1071.14 
976.569 1068.81 
974.746 1066.38 
972.856 1063.87 
970.900 1061.27 
968.877 1058.59 
966.788 1055.81 
964.634 1052.95 
962.415 1050.01 
960.130 1046.97 
957.780 1043.86 
955.366 1040.66 
952.888 1087.37 
950.345 1034.01 
947.739 1030.55 
945.069 1027.02 
942.337 1023.40 
939.542 1019.70 
936.684 1015.93 
933.764 1012.07 
930.783 1008.13 
927.741 1004.11 
924.638 1000.01 
921.474 995.834 
918.250 991.580 
914.966 987.250 
911.623 982.844 
908.221 978.362 
904.761 973.806 
901.242 969.175 
897.667 964.471 
894.033 959.694 
890.343 954.844. 
886.597 949.924 
882.795 944.983 
878.938 939.871 





12 
Stations. 


1199.94 
1199.76 
1199.46 
1199.03 
1198.49 
1197.82 
1197.04 
1196.13 
1195.11 
1193.96 
1192.69 


1191.31 
1189.80 
1188.18 
1186 .48 
1184.57 
1182.59 
1180.49 
1178.28 
1175.94 
1173.49 
1170.93 
1168.25 


1165.45 
1162.54 
1159.51 
1156.37 
1153.12 
1149.76 
1146.28 
1142.69 
1138 . 99 
1185.18 
1181.26 
1127.24 


1123.10 
1118.86 
1114.51 
1110.05 
1105.49 
1100.83 
1096 .06 
1091.19 
1086 .22 
1081.15 
1075.98 
1070.71 





il 


12 


13 


14 


15 


16: 


17 


18 


19 


20 








Actual 
Are, 
One 


Station. 


100.131 
1386 
-140 
145 
.149 








TABLE IV.—LONG CHORDS 


————— en ek k8k«<wR OR 














y 
2 3 
Stations. Stations. 
199.213 296.860 
199.187 296.756 
199.161 296.651 
199.134 296.544 
199.107 296.436 
199.079 296.825 
199.051 296.214 
199.023 296.100 
198.994 295.985 
198.964 295.868 
198.935 295.750 
198.904 295.629 
198.874 295.508 
198.843 295 .884 
198.811 295.259 
198.779 295.1382 
198.747 295.004 
198.714 294.874 
198.681 294.742 
198.648 294.609 
198.614 294.474 
198.579 294.337 
198.544 294.199 
198.509 294.059 
198.474 293.918 
198.437 293.774 
198.401 293.629 
198.364 293.483 
198.327 298 385 
198 .289 293.185 
198.251 293.0384 
198.212 292.881 
198.173 292 .'726 
198.134 292.570 
198.094 292.412 
198.054 292.252 
198.013 292.091 
197.972 291.928 
197.930 291.764 
197.888 291.598 
197.846 291.430 
197.803 291.261 
197.760 291.090 
197.716 290.918 
197.672 290.743 
197.628 290.568 
197.583 290.390 
197.538 290.211 
197.492 290.031 
197.446 289.849 
197.399 289.665 
197.352 289.479 
197.305 289.292 
197.256 289.104 
197.209 288.913 
197.160 288 .'722 
197.111 288.528 
197.062 288 . 333 
197.012 288.187 
196.962 287.939 














Lone CHorDs. 


4 


Stations. 


392.171 


389.414 


889.116 
888.814 
888 .508 
888.197 
387.883 
387.565 
387.243 
386 .916 
386.586 
886.252 
385.914 
385.572 


385.225 
384.875 
384.521 
384.163 
383.801 
383 .435 
383.065 
382.691 
382.313 
381.931 
381.546 
381.156 


380.763 
880.365 
379.964 
379.559 
379.150 
378.737 
378.320 
377.900 
377.475 
377.047 
376.615 
376.179 


375.739 
875.295 
874.848 
874.397 
873 942 
873.483 
373.021 
372.554 
872.084 
871.610 
871.133 
870.652 
370.167 





5 


Stations. 


471.832 


470.649 
469.958 
469.260 
468 .554 
467.840 
467.119 
466 .390 
465.654 
464.911 
464.160 
463.401 
462.635 


461 .862 
461.081 
460.298 
459.498 
458 .695 
457 .886 
457.069 
456 .244 
455 .413 
454.574 
453.728 
452.875 


452.015 
451.147 
450.378 
449 392 
448.504 
447.608 
446 706 
445 797 
444.881 
443.957 
443 028 
442.091 
441.147 





6 
Stations, 


572.813 
571.926 
571.027 
570.213 
569.186 
568.245 





562.321 
561.287 
560.240 
559.180 
558.107 
557.020 
555.921 
554.809 
5538 . 684 
552.546 
551.395 
550.232 


549.056 
547.867 
546.666 
545.452 
544.226 


533.972 
532.635 
531.287 
529.927 
528.555 
527.171 
525.776 
524.369 
522.950 
521.519 
520.078 
518.625 


517.160 
515.685 
514.198 
512.699 
511.190 
509.670 
508.189 
506.597 
505.043 
503.479 
501.905 








TABLE IV.—LONG CHORDS 17 
SATE ncn at suet 2 EY AE SB A gO CS a 
Lone CHORDS. 


























Degree 
of 
Ourve. z 8 9 10 11 12 
Stations.| Stations. Stations. | Stations.| Stations. | Stations, 
10°10 | 656.723 735.467 808.426 | 875.025 | 984.741 987.105 
20 | 655.320 733.387 805.495 | 871.058 | 929.542 | 980.473 
30 | 653.895 731.277 802.524 | 867.0388 | 924.276 973.760 
40 | 652.450 729.137 799.512 | 862.963 | 918.943 966.967 
50 | 650.983 726.967 796.458 | 858.886 | 913.544 960.093 
11 649.496 724.767 793.364 | 854.656 | 908.080 | 953.141 
10 | 647.989 722537 790.230 | 850.425 | 902.550 946.112 
20 | 646.460 720.278 787.056 | 846.140 | 896.957 939.007 
80 | 644.911 717.990 783.843 | 841.808 | 891.303 931.828 
40 | 643.342 715.672 780.590 | 887.424 | 885.586 924.575 
50 | 641.752 713.325 777.298 | 832.990 | 879.807 917.250 
12 640.142 710.950 773.968 | 828.507 | 873.968 | 909.854 
10 | 638.512 708.546 770.600 | 823.974 | 868.070 902.389 
20 | 636.862 706.113 767.193 | 819.394 | 862.118 | 894.855 
80 | 635.191 703.653 763.749 | 814.766 | 856.099 | 887.254 
40 | 633.501 701.164 760.268 | 810.092 | 850.028 | 879.588 
50 | 631.792 698.647 756.749 | 805.370 | 843.900 | 871.857 
13 630.062 696.103 753.194 | 800.602 | 837.718 864.063 
10 | 628.313 693.531 749.603 | ‘795.790 | 831.482 | 856.208 
20] 626.544 690.932 745.976 | '790.982 | 825.192 | 848.293 
80 | 624.756 688.306 742.813 | '786.030 | 818.850 | 840.318 
40 | 622.949 685.653 738.616 | 781.085 | 812.457 | 832.286 
50 | 621.128 682.974 734.883 | '776.096 | 806.013 | 824.198 
14 619.278 680.268 731.116 | 771.066 | 799.520 | 816.056 
10| 617.418 677.535 727.815 | 765.993 | 792.979 } 807.860 
20 | 615.530 674.777 728.480 | 760.879 | 786.389 799.612 
30 | 618.628 671.993 719.612 | 755.725 | 779.753 | 791.313 
40 | 611.708 669.183 715.711 | 750.581 | 773.072 782.966 
50 | 609.769 666.348 711.777 | 745.297 | 766.345 774.571 
15 607.812 663.488 707.811 740.024 | 759.575 766.180 
10 | 605.836 660.608 703.814 | 784.714 | 752.763 
20 | 603.842 657.693 699.785 | 729.366 | 745.908 
30 | 601.831 654.758 695.725 | 723.982 | 739.014 
40 | 599.801 651.799 691.634 | 718.561 | 732.078 
0 | 597.753 648.817 687.513 | 713.105 | 725.104 
16 595.688 645.810 683.362 | 707.614 | 718.092 
10 | 593.605 642.780 79.182 | 702.088 | 711.043 
20 | 591.505 639.727 674.973 | 696.529 | 708.959 
30 | 589.388 636 . 650 670.735 | 690.938 
40 | 587.253 633 . 550 666.469 | 685.314 
50 | 585.101 630.428 662.175 | 679.659 
17 582.938 627.283 657.854 | 673.972 
10 | 580.747 624.117 653.506 | 668.256 
20 | 578.545 620.928 649.131 662.510 
30 | 576.326 617.717 644.730 | 656.785 
40 | 574.091 614.485 640.304 | 650.983 
50 | 571.839 611.232 635.852 | 645.108 
18 569.571 607.958 631.375 | 639.245 
10 | 567.287 604.664 626.874 
20 | 564.988 601.349 622.349 
30 | 562.673 598.013 617.801 
40 | 560.342 594.658 613.229 
50 | 557.996 591 .283 608 .635 
19 555.634 587.888 604.018 
10 | 553 257 584.475 599.379 
20 | 550.864 581.042 594.720 
30 | 548.457 577.591 590.039 
40 | 546.035 574.121 585.339 
50 | 543.599 570.634 580.618 
20 641.147 567.128 575.877 








18 “TABLE IV.—LONG CHORDS 














" 1 x Lona CuHorps. 
Degree Arey 
Curve. ae 2 3 4 5 6 
if Station. Stations. Stations. | Stations. | Stations. | Stations. 
21° 100.562 196.651 286.716 367.179 435.345 488.931 
22 100.617 196.325 285.437 364.060 429.305 478.775 


23 100.675 195.985 284.101 360.810 423 . 033 468.270 
24 100.735 195. 630 282.709 397. 433 416.535 457.433 


25 100.798 195.259 281.262 353.930 409. 819 446 .280 
26 100. 863 194. 874 279.759 350.303 402. 891 434. 827 
27 100.931 194.474 278.201 346.555 395. 758 423 .092 
28 101.002 194.059 276.589 342. 688 388 . 428 411.092 
29 101.075 193.630 274.924 338.704 380. 908 398.846 


30 101.152 193.185 273.205 334. 607 378. 205 386.370 
31 101.230 192.726 271.433 330.397 365.328 373.685 








32 101.312 192.252 269.610 326.078 357. 284 360.808 
33 101.396 191.764 267.734 321. 654 349. 081 347.759 
34 101.482 191.261 265.808 317. 125 340. 729 334. 556 
35 101.572 190.743 263.830 312. 496 332. 234 321.220 
36 101.664 190.211 261.803 307.768 323. 607 307.768 
37 101.759 189.665 259.727 302. 946 314. 855 294.222 
38 101.857 189.104 257.602 298. 032 305. 987 280.600 
39 101.957 188.528 255.429 293. 028 297.012 266.923 
40 102.060 187.939 253.299 287.938 287.989 253.209 
41 102.166 187.334 250.942 282.766 278.777 239.478 
42 102.275 186.716 248. 629 277.514 269. 535 225.750 
43 102.386 186.084 246.271 272. 186 260. 222 212.045 
44 102.500 185.437 243. 868 266.784 250. 848 198.380 
45 102.617 184.776 241.421 261.313 241.421 184.776 
46 102.737 184.101 238.932 255.775 231.952 171.251 
47 102.860 183. 412 236. 400 250.173 222.448 157.824 
48 102.985 182.709 283. 826 244.512 212.920 144.512 
49 103.114 181.992 231.212 238.795 203.377 131.335 
50 103.245 181.262 228. 558 233.025 193. 828 118.310 
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TABLE V.—LINEAR DEFLECTION TABLE 
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500. 








5.24 
10.47 
16.71 
20.94 
26.18 
31.41 
36.65 
41.88 
47.11 





21 188.79 





700. 


6.11 
12.22 
18.33) 
24.48 
80.54 
36.65 
42.75 
48.86 
54.96 


146.34 
152.41 
158.48 
164.55 
170.62 

76.68 


182.74 





800, 


6.98 
13.96 
20.94 
27.92 
34.90 
41.88 
48.86 
55.84 
62.82 


69.79 


318.99 
825.88 
832.66 
839.48 


346.30 
853.12 


3 | 859. 92 


866.72 
873.51 
380.30 
887 .08 
393.85 
400. 61 
407.36 
414.11 





900, 





219.36 
227.16 


234.95 


3] 242.73 


250.51 
258.29 
266.06 
273.82 


281.58] ¢ 


289.34 


297.08 | 


804.83 


312.57 
320.30 
828 .02 
835.74 
343.46 
851.16 
358.86 
366.56 
874.24 
881.92 
3889.59 
897.26 
404.91 
412.56 
420.20 


465.87 !5 
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TABLE VI.—MIDDLE ORDINATES 


1 
Station. 








2 3 4 5 
Stations. | Stations.| Stations. | Stations. 





14 327 -582 .909 

291 654 1.164 1.818 

436 982 1.745 2.727 

582 1.309 2.827 3.636 

727 1.636 2.909 4.545 

873 1.963 3.490 5.453 
1.018 2.291 4.072 6.362 
1.164 2.618 4.654 7.270 
1.309 2.945 5.235 8.179 
1.454 3.272 5.816 9.087 
1.600 3.599 6.398 9.994 
1.745 3.926 6.979 10.902 
1.891 7.560 11.809 
2.036 4.580 8.141 12.716 
2.181 4.907 8.722 13.623 
2.3827 5.2384 9.303 14.529 
2.472 5.561 9.883 15.435 
2.618 5.888 10.464 16.341 
2.768 6.215 11.044 17.246 
2.908 6.542 11.624 18.151 
3.054 6.868 12.204 19.055 
3.199 7.195 12.784 19.959 
3.345 7.522 13.363 20.863 
3.490 7.848 13.943 21.766 
3.685 8.175 14.522 22.668 
3.781 8.501 15.101 23.570 
3.926 8.828 15.680 24.471 
4.071 9.154 16.258 25.37% 
4.217 9.480 16.837 26.272 
4.362 9.807 17.415 27.171 
4.507 10.133 17.992 28.070 
4.653 10.459 | 18.570 23.968 
4.798 10.785 19.147 29.866 
4.943 11.111 19.724 80.762 
5.088 11.486 20.301 81.658 
5.284 11.762 20.877 32.553 
5.379 12.088 21.453 33.448 
5.524 12.413 22.029 84.341 
5.669 12.789 22.604 85.234 
5.814 13.064 23.179 36.126 
5.960 13.389 23.754 87.017 
6.105 13.715 24.328 387.907 
6.250 14.040 24.902 88.796 
6.395 14.365 25.47 389.684 
6.540 14.689 26.049 40.571 
6.685 15.014 26 .622 41.458 
6.831 15.3389 27.195 42,343 
6.976 15.663 27.767 43.227 
7.121 15.988 28.338 44.110 
7.266 16.312 28.910 44.992 
7.411 16.636 29.481 45.873 
7.556 16.960 30.051 46.753 
7.701 17.284 80.621 47.682 
7.846 17.608 81.190 48.510 
7.991 17.982 81.759 49.386 
8.136 18.255 82.328 50.261 
8.281 18.578 82.896 51.135 
8.426 18.902 83.464 52.008 
8.571 19.225 34.031 52.880 
8.716 19.548 34.597 53.750 





6 
Stations. 





CARMEL 
SRSES 
SHS 


45.479 
46.759 
48.037 
49.318 
50.587 
51.860 
53.130 
54.399 
55.666 
56.931 
58.198 
59.454 
60,712 


61.969 
63.223 
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TABLE VI.—MIDDLE ORDINATES 


7 
Stations, 








8 
Stations. 


125.911 


130.081 
132.153 
134.217 








9 
Stations. 








10 


Stations. 


121.178 
124.593 


127.995 
131.384 


167.695 
170.899 
174.086 
177.255 
180.407 
183.539 


11 
Stations. 





145.997 
150.072 


154.129 
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12 
Stations, 
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120 
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TABLE VI.—MIDDLE ORDINATES 


i oe 
Station. 


ENSESS 


G2 $9 G8 G9 Go. G9 G0 09 e069e0.09 go 
NX 


co 
~ 
> 
Oo 





2 
Stations. | Stations. 








3 





4 
Stations. 








5 
Stations. 





6 
Stations, 





99.598 
100.762 
101 . 922 
103.079 
104.282 


105.381 
106.527 
207 .669 
108.807 
109.941 
111.071 
112.197 
113.319 
114.488 
115.552 
116 . 662 
117.768 


118.870 
119.967 
121.061 
122.150 
128.285 
124.315 
125.391 
126 .463 
127.580 
128.593 
129.651 
180.704 


181.753 


TABLE VI.—MIDDLE ORDINATES 23 





pa 2 3 4 5 6 
2 Station. | Stations. | Stations. | Stations. | Stations. | Stations, 
Curve. 

21° 4.594 18.224 40.431 70.473 107.344 149.809 
22 4.814 19.081 42 275 13.545 111.741 155.460 
23 5.035 19.937 44,108 %6 577 116.042 160.917 
24 5.255 20.791 45 .929 79.570 120.243 166.172 
25 5.47 21.644 47 738 82.520 124.342 171.221 
26 5.697 22.495 49 584 85.427 128.3385 176.058 
27 5.918 23.3845 51.317 88.289 132.219 180.677 
28 6.139 24.192 53.086 91.105 135.990 185.075 
29 6.360 25.088 54.842 93.873 139.647 189.245 
380 6.583 25.882 56.583 96.593 143.185 198.185 
31° 6.805 26.724 58.809 99.261 146.603 
382 % 027 27.564 60.019 101.878 149.898 

7.250 28.402 61.714 104.442 153 .068 
34 7.473 29.237 63.392 106 .952 156.110 
385 7.696 80.071 65.053 109.406 159.023 
36 7.919 30.902 66.698 111.803 161.803 
37 8.143 31.730 68.325 114.143 
38 8.367 32.557 69.933 116.424 
39 8.592 83.381 771.524 118.645 
40 8.816 384,202 73.095 120.805 
41° 9.041 85.021 74.647 122.902 
42 9.267 85.837 76.180 124.937 
43 9.493 36.650 7.693 126.909 
44 9.719 37.461 79.185 128.815 
45 9.946 38.268 80.656 130.656 
46 10.173 39.073 82.107 
47 10.400 39.875 83.5385 
48 10.628 40.674 84.942 
49 10. etd 41.469 86.827 





24 TABLE VII—CORRECTIONS FOR SUBCHORD LENGTHS 





NomrnaL Lenerus or SusBcHORDS IN Frnt 











5 10 15 20 25 30 35 40 45 50 

m * |} ,050 | .099 | .147 | .192 | .234 | .273 | .307 | .836 | .358 | .374 

ee ee | ee ee eee ee eee 

4° -020] 0 0 0 0 0 0.01} 0.01/ 0.01} 0.01| 0.01 

5° -032 | 0 0 0 0,010 }:0701 | OL) OL) SOt; .OL sol 

6° -046 | 0 0 O501)| TOs 01.) 5 SOR SOO 02 meno? 

7° -062] 0 O,OU) 7 S01) LOL, 01 | 202) | 02 502i" 202 |a202 

8° -081} 0 -O1} .01/ .02]) .02] .02} .02) .03] .03) .03 
0 


0 -O1} .O1} .02]) .02) .02/ .03] .03) .03] .04] .04 
10° -127] .01] .01] .02} .02] .03}) .03] .04] .04]) .05] .05 


























28° | 1 : 

29°51 0075.) °.05)) 511 16 21] .25] .29 33 36| .38 40 
30° |1.152} .06] .11 17 PPA SPA eAl| esi 35 39 41 43 
S125 || 1.230) 706) 212 18 24) .29] .34 38 4l| .44 46 
S22 Lolli 107, 13 19 25| .31 36 40 44 47 49 
33° 11.396} .07 14 21 27| .33 38 43 47 50 52 
$4° | 1.482) .07| .15 22 28) .35] .40 45 50 53] .55 
36° {1.572} .08| .16 23 30] .37] .43 48 53 56 59 
86° | 1.664] .08| .16] .24] .32] .39| .45| .51/ .56| .60| .62 
S72 L759) .094) 271.2634)! 5415 S48] al Gi) 6s aes 
S82 aA S57ie 09 |) S181) 27.86) 243)0 25d) soil meeoill \GGrl aise 
89° | 1.957)",10} .19) .29] ..38] .46] 253] .60) .66| 270/073 
40° | 2.060] .10] .20] .30] .40] .48] .56] .63| .69| .74] 77 
a>} 2.166) -11'|) 721] .32) .42)) 151) <59] 1661.78 -7Sluest 
42° | 2.275) .11] .23) .83) .44] .53] .62| .70| .76| .81| .85 
43° | 2.386] .12] .24] .35] .46] .56| .65] [73] 80] [85] .890 
44° |2.500) .12| .25) .37| .48] .58] .68] [77] .84] .90| .94 
45° |2.617| .13] .26] .38] .50] .61| .71| :80| [8s] [94 -98 
46° | 2.737] .14| .27] .40] .53] .64] .75| .g4] .92 -98| 1.02 
47° |2.860| .14] .28] .42] .55| .67] .78] [88] ‘96 1.02] 1.07 
48° |2.985] .15] .80] .44] .57| .70] -81] [92] 1/00 1.07} 1.12 
49° oe -16/ .31|) .46] .60] .73] .85] .96| 1.05] 1.11] 1.16 


-245/ .16| .32) .48]/ .62] .76] .89]1.00/ 1.09] 1.16] 1.21 




















* Multiply number in column m by number in line m to find correction exact 
to three or four places, 


TABLE VII.—CORRECTIONS FOR SUBCHORD LENGTHS 25 





Nomrnat Lenetus or SuscHorps IN Freer 





55 60 65 70 75 80 85 90 95 
m* | .383 | .883 | .374-| .356 | .827 | .287 | .235 | .169 | .092 






































4° -020] 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0 0 0 
5° -032| .O1 -O1 -O1 -O1 -O1) .01] 0.01] 0.01 | 0 
6° -046} .02 02) -.02} .02). .02) .01 -O1 -01 |} 0 
7° -062] .02 02) .02}] .02} .02) .02 -O1 -O1 | 0.01 
g° -081] .03 -03 -03 |. .03; .03 O27}. 1.0251. OL). 1.0L 
9° -103} .04 04) .04]. .04]} .038) .03]- .02). .02} .O1 





10° 2127 1-05 fy 05-05. 05.) 204) 045. 08. 0271 OL 


11° 1545) 06 fe) O6,)¢ 106), .05,) 105.) .044 5.04.) 1.038 .O1 
12° -183| .07 07 Otel JOfel <OGn- 5.05 04} .03 02 


























13° -215| .08} .08] .08| .08] .07 06} .05) .04] .02 
14° -249} .10 = 1LO5 he 09's JO9%}- 508%)" 1.07%, 06) .04) .02 
15° -286} .11 sels te LOS SOS” 1084|" OCs" |Obrt <2.08 
16° -326 | .12 2 Jp li: 2 ass i ee 09} .08] .06) .03 
17° 3368) 214 fo. 14} 14. 218 12 Bela: 09} .06) .03 
18° -412| .16 LOM LOND, atom, sla 12 -10| .07 -04 
19° A260) (St8 se. 183)) .V0s0. S16). s 157], 218 ll -08 | .04 
20° OLOM EZOW 20M. A910. LS LICK, Loy) 1. U2 ¢). COzlice. Ob 
21° 562] .22 22211. 28e. 220 18 16 13 09 05 
22° 617 24 24 23) .22 20 18 14 10 06 
23° 675 26 26 | .25 24 22 19 16 11 06 
24° 735 28 28) eet) 1320 24 21 17 12 07 
25° 798 31 31 30] .28 26 23 19 13 07 
26° -863] .33 Sai) a2 wok 28 25 20 15 08 
27° -931 36 | .36 35 | .33 30 27 22 16 09 
28° =| 1.002 38 38 37 36 33 29 24 17} 09 
29° =| 1.075 41 41 40 | .38 35 31 25 18 10 
30° | 1.152 44 pos 43 | .41 38 33 | .27 19 11 
31° | 1.230 47 47 46 | .44 40 35 29 21 a: 
32° | 1.312 50 50 AQ") AT 43 38 31 22 12 
33° =| 1.396 53 53 52 -50 46 40 33 24 13 
34° | 1.482 57 57 55 -53 48 43 35 25 14 
35° =| 1.572 60 60 59 -56 51 45 37 27 14 
36° =| 1.664 64 64 62 -59 54 48 39 28 15 
387° |1.759 67 67 66 63 58 50 41 30 16 
38° =| 1.857 71 is 69 -66 61 53 44 31 17 
39° | 1.957 75 75 73 -70 64 56 46 33 18 
40° |2.060} .79 76) 2i¢f 73 67 59 48 35 19 
41° |2.166| .83 83 -81 ail aie 62 51 37 20 
42° |2.275| .87 87 85 | .81 -74 65 53 33 21 
43° |2.386| .91 91 89 +85 -78 68 56 40 22 
44° |2.500|] .96 96 94 89 82 72 59 42 23 
45° |2.617] 1.00] 1.00] .98]| .93 -86 Gil POL 44 24 
46° | 2.737] 1.05 | 1.05 | 1.02 mot Beet lll eae 64] .46 25 
AT? |2.860] 1.10 | 1.10 | 1.07 | 1.02 2944) 82) ||) 67 48] .26 
AS®, |, Ossi 149) 114 1.12) 1506 | 5-989 386) 0.701) (50 |e7.27 . 
AGO Seat a TO} tee |) e160! Waa) BO2a | 89 73 53 -29 
50° |3.245| 1.24) 1.24) 1.21] 1.16]1.06| .93| .76 -55 -30 




















* Multiply number in column m by number in line m to find correction exact 
to three or four places. 


26 TABLE VIII.—MIDDLE ORDINATES FOR RAILS 


Lenetu or Rait-CHorp. 





=} 


60 45 33 32 30 28 26 | 24 | 22) 20 | 18 | 16 











= 
SOWIM SUR CIM 





























TABLE IX 
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TABLE IX.—DIFFERENCE IN ELEVATION OF RAILS ON 


CURVES 
ae ee eee nes Nee See Nena Sesgs nee Sie 






























































VeELocity In Mines per Hour. 
D 
10 15 20 25 30 35 40 45 50 55 | 60 | 65 
1° | .006 | .013 | .023 | .036 | .051 | .070 | .091 | .116 | .143 | .178 |.206!.241 
2 -O11 | .026 } .046 | .071 | .103 | .140 | .183 |] .2831 | .285 | .345 | 410].48] 
3 -017 | .039 | .069 | .107 | .154} .210 | .274 | .346 | .427 | .516 |.612].717 
4 023 | .051 091 | .143'| .206 | .280 | .365 | .461 | .568 | .685 |.811).947 
5 -029 | .064; .114 | .179 | .257 | .849 | .455 | .574°| .707 | .851 
6 -034 | .077 | .187 | .214 | .808 | .418 | .545 | .687 | .844 
7 -040 | .090 | .160 | .250 | .3859 | .487 | .634 | .798 | .979 
8 -046 | .103 | .183 | .285 | .410 | .556 | .723 | .908 
9 -O51 | .116 | .206 | .820 | .460 | .624! .811 
10 -057 | .129 | .228 | .3856 | .511 | .692 | .898 
ll .063 | .142 | .251 | .391 | .561 | .760 | .984 
12 -069 | .154 | .274] .427 | .611 | .826 
14 -080 | .180 | .319 | .497 | .711 | .959 
16 | .091 | .206 | .3865 | .567 | .809 
18 102} .281 | .410 | .637 | .906 
20 114 | .256 | .455 707 
25 -141 |..318 |. -563 |. .775 
30 | .168 | .380 |] .672 | .844 
35 -195 | .441 778 
40 | .222 | .501 | .881 
50 -276 | .618 
HLEVATION OF OUTER RAIL IN INCHES 
Dxrcren Vetocity in Mites per Hour Drcren 
OF oF 
Conve | 19 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 551 0 | 65 | zo | CORP 
u 0 Mel 14) 94) %} 34] 136} 134] 15%] 2 | 236 234) 314 1 
2 4) Yi Ya] Me} 16] 1%] 246] 256] 344] 4 | 434) 514] 614 2 
3 | Wil 34) 144] 134] 23%] 3%] 4 47K] 6 744) 834) 934 3 
4 Yl % 1 154] 2364) 314] 444] 534] 654] 8 914 4 
5 S| 34] 114] 2 3 514) 654| 814 5 
6 3% 1 154] 244] 314) 4%] 614 6 
7 | 1K] 1%| 2%) 44%] 554) 7% if 
8 Ya| 114] 214) 314) 434] 614) 83% 8 
9 54) 134] 23%) 334] 536) 734 9 
10 341 1144) 254) 41%] 5%) 8% 10 
11 34| 134) 27%] 444] 64] 8% 11 
12 | 1K| 3%) 4%| 7% 12 
13 | 2 334] 534) 734 13 
14 1 214] 354] 534] 83% 14 
15 1 214| 31%%| 614] 8% 15 
16 14%} 214] 414] 6% 16 
17 114| 25%] 414] 7 17 
18 114| 284) 434) 714 18 
19 134| 27%] 5 734 19 
20 134] 3 514| 84% 20 
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. 2500). 
3] .2526) . 3: 
2552} . 
5] 2578) . 


“97 2630) .: 
"2656! 
"2682. 


5} 2708} . 
2784), 
7| .2760) . 
3] 2786} . 
. 2813} .36 


2865] . 
+2891) . 
2083] .2917]. 
2969) . 
2995) . 
“3021). 
:3073} . 
:3099] . 
3125}. 


13177]. 
'3203]. 


9167 
9193 
9219 
9245 
9271 
9297 
9323 
-9349 
9375 
.9401 
9427 
9453) 11-82 
9479 
2) .9505/13-32 


“be57 15-32 


- 9583 
- 9609) 17-32 


-9661/19-32 
9688 
-9714/21-32 
- 9740} 11-16 
9766) 23-32 
.9792 
- 9818} 25-32 


. 9870) 27 -32 
9896: 
- 9922| 29-32 
- 9948) 15-16 
-9974| 31-32 


























TABLE X.—INCHES IN DECIMALS OF A FOOT 


11 





11 
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TABLE XI.—METRIC CURVES 


_ Radius 
in Meters. 


3487.75 








Log. of 
Radius. 


3.536274 
3.235246 
3.059158 
2.934224 
2.837319 
2.758145 


2.457181 
2.422434 
2.390266 
2.360320 
2.332311 
2.306002 
2.281200 
2.257741 
2.235489 
2.214825 
2.194148 
2.174870 


2.156416 
2.138717 
2.121715 
2.105357 
2.089596 
2.074391 
2.059704 
2.045501 
2.031751 
2.018427 
2.005503 
1.992956 


1.980765 
1.968911 
1.957375 
1.946141 
1.935194 
1.924520 
1.914105 
1.903938 


1.865530 
1.856445 


1.774908 
1.767556 
1.760330 


Mid. 
Ord. 








Tang. 
Off. 








Degree of 
Equiv. 
URS: 


Curve. 


0° 30’ 


OOWOVIAIAIM SOP SP WWMM 
w 
Oo 
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Defi. 
Angle 
20 m 
Chord. 





30 TABLE XII.—ACRES FOR RIGHT OF WAY 100 FT. WIDE 





Sta. Sta. 
of 0:0 |FOrd? 0.247093 | 0-404 0:5 to On6, 027 fr O.8) 0.9415 of 
100’ 100’ 











WOON OP WI O 
oO 
Oo 
i 
co 
Oo 
co 
r= 
_ 
oO 
co 
for) 
rs 
co 
foe) 
a 
_ 
So 
— 
So 
_ 
So 
Ww 
w 
e 
S 
oO 
for) 
_ 
oS 
I 
co 
a 
— 
oS 
wo 
ol 
_ 
cw) 
ou 





: : 3.585} 3.558} 3.581) 3.604) 3.627) 3.650} 15 
16 | 3.673] 3.696] 3.719| 3.742) 3.765] 3.788} 3.811) 3.834) 3.857| 3.880} 16 
17 | 3.903) 3.926; 3.949] 3.972) 3.994) 4.01 
18 | 4.132) 4.155) 4.178) 4.201) 4.224) 4. : 
19 | 4.362) 4.385) 4.408) 4.431) 4.454) 4. 4.500) 4.522) 4.545) 4.568] 19 
20 | 4.591) 4.614) 4.637) 4.660) 4.683) 4.706] 4.729) 4.752) 4.775) 4.798) 20 
21 | 4.821) 4.844) 4.867] 4.890) 4.913) 4.9386) 4.959} 4.982) 5.005) 5.028} 21 
22 | 5.051] 5.073) 5.096} 5.119) 5.142) 5.165) 5.188} 5.211) 5.284) 5.257) 22 
5.280} 5.303} 5.326) 5.349) 5.372) 5.395] 5.418) 5.441] 5.464) 5.487} 23 
24 | 5.510} 5.533) 5.556) 5.579} 5.601} 5.624) 5.647) 5.670] 5.693) 5.716) 24 
25 | 5.739) 5.762) 5.785) 5.808) 5.831) 5.854) 5.877) 5.900) 5.923) 5.946] 25 
26 | 5.969) 5.992] 6.015} 6.038) 6.061) 6.084) 6.107) 6.129) 6.152} 6.175) 26 
27 | 6.198) 6.221) 6.244) 6.267) 6.290) 6.313) 6.336) 6.359) 6.382) 6.405] 27 
28 | 6.428] 6.451} 6.474| 6.497] 6.520) 6.543) 6.566) 6.589| 6.612] 6.635] 28 
29 | 6.657/ 6.680; 6.703) 6.726] 6.749) 6.772] 6.795) 6.818] 6.841] 6.864] 29 
30 | 6.887) 6.910} 6.933) 6.956) 6.979] 7.002] 7.025) 7.048] 7.071] 7.094) 30 


50 |11.478)11.501/11.524|11 547/11.570|11.593]11.616/11 .639/11.662/11.685| 50 


51 {11.'708)11.'731)11.754)11.'777/11. 800)11. 823/11. 846|11. 869/11. 892/11. 
52 |11.938)11.961)11.983)12.006]12.029|12.052]12.075/12.098 12 121 12 dd BB 


ee 






















































































TABLE XIII.—VELOCITY HEADS FOR VARIOUS SPEEDS fi! 
VeLocity Heaps in Frer. 
Speed 
in Miles 
per Hour. 0 1 2 3 A ao 6 oT 8 9 
te ——____ —_— = 
0 0.00) 0.00) 0.00} 0.00) 0.01} 0.01} 0.01! 0.02] 0.02] -0:03 
1 0.04; 9.04) 0.05} 0.06} 0.07} 0.08} 0.09] 0.10} 0.12] 0.13 
2 0.14) 0.16} 0.17) 0.19} 0.20] 0.22] 0.24} 0.26] 0.28] 0.30 
3 0.32) 0.34) 0.36] 0.39) 0.41! 0.43] 0.46] 0.49] 0.51] 0.54 
4 0.57) 0.60) 0.63} 0.66] 0.69} 0.72) 0.75] 0.78] 0.82] 0.85 
5 0.89} 0.92} 0.96) 1.00} 1.04) 1.07} 1.11] 1.15} 1.19] 1.24 
6 1.28} 1.32} 1.36} 1.41! 1.45} 1.50] 1.55] 1.59] 1.64] 1.69 
7 1.74) 1.79) 1.84) 1.89} 1.94] 2.00] 2.05} 2.10] 2.16] 2.99 
8 2.27| 2.33) 2.39) 2.45] 2.50! 2.56] 2.63] 2.69] 2.75) 2.81 
9 2.88} 2.94) 3.00) 3.07} 3.14) 3.20] 3.27] 3.341 3.41] 3.48 
10 3.55} 3.62} 3.69} 3.77| 3.84) 3.91] 3.99! 4.06] 4.14] 4.22 
il 4.30} 4.37) 4.45} 4.58) 4.61] 4.69) 4.78] 4.86] 4.94] 5.03 
12 5.11} 5.20} 5.28) 5.37) 5.46) 5.55! 5.64] 5.731 5.82) 5.91 
13 6.00} 6.09} 6.19} 6.28} 6.37) 6.47} 6.57] 6.66] 6.76| 6.86 
14 6.96} 7.06) 7.16) 7.26] 7.36) 7.46) 7.57] 7.671 7.78] 7.88 
15 7.99) 8.09} 8.20] 8.31} 8.42} 8.53] 8.64] 8.75! 8.86| 8.97 
16 9.09} 9.20] 9.32] 9.43) 9.55] 9.66] 9.78] 9.89] 10.02] 10.14 
17 10.26] 10.38) 10.50} 10.62} 10.75) 10.87] 11.00} 11.12] 11.25] 11.37 
18 11.50) 11.63} 11.76) 11.89] 12.02) 12.15} 12.28] 12.41] 12.55| 12.68 
19 12.82} 12.95) 13.09] 18.22) 18.36) 13.50} 13.64] 13.78] 13.92] 14.06 
20 14.20) 14.34) 14.49} 14.63] 14.77] 14.92] 15.06] 15.21] 15.36] 15.51 
21 15.66) 15.80) 15.96} 16.11} 16.26] 16.41] 16.56] 16.72] 16.87] 17.03 
22 17.18) 17.34] 17.50} 17.65] 17.81) 17.97] 18.13] 18.29] 18.45] 18.62 
23 18.78) 18.94] 19.11} 19.27) 19.44] 19.60] 19.77] 19.94] 20.11] 20.28 
20.45} 20.62] 20.79} 20.96) 21.14] 21.31] 21.48] 21.66] 21.83] 22.01 
25 22.19) 22.37) 22.54) 22.72] 22.90] 23.08] 23.27) 23.45] 23.63) 23.81 
26 24.00) 24.18) 24.37) 24.55] 24.74] 24.93] 25.12] 25.31] 25.50! 25.69 
27 25.88) 26.07) 26.26] 26.46) 26.65] 26.85] 27.04] 27.24! 27.44] 27.63 
28 27.83) 28.03) 28.23} 28.43] 28.63] 28.83] 29.04] 29.24] 29.45) 29.65 
29 29.86) 30.06} 30.27} 30.48) 30.68) 30.89) 31.10] 31.31] 31.53} 31.74 
380 31.95) 32.16} 32.38} 32.59} 32.81] 33.02] 33.24] 33.46] 33.68] 33.90 
31 34.12 34.34! 34.56] 34.78] 35.00) 35.22] 35.45) 35.67) 35.90! 36.13 
32 36.35| 36.58] 36.81] 37.04] 37.27) 87.50| 37.73] 37.96] 38.19} 38.43 
33 38.66] 38.89] 39.13] 39.37| 39.60) 39.84] 40.08] 40.32] 40.56] 40.80 
41.04) 41.28) 41.52) 41.77} 42.01) 42.25) 42.50) 42.75| 42.99) 43.24 
35 43.49] 43.74] 43.99) 44.24] 44.49] 44.74] 44.99| 45.24] 45.50] 45.75 
36 46.01) 46.26) 46.52) 46.78) 47.04] 47.29) 47.55) 47.81] 48.08] 48.34 
37 48.60} 48.86} 49.13} 49.39] 49.66) 49.92] 50.19] 50.46] 50.72] 50.99 
38 51.26} 51.53) 51.80} 52.07) 52.35) 52.62) 52.89) 53.17) 53 44] 53.72 
39 54.00} 54.27) 54.55) 54.83] 55.11) 55.39) 55.67) 55.95) 56.23) 56.52 
40 56.80] 57.08) 57.37| 57.66] 57.94) 58.23} 58 52} 58 81] 59 09] 59.38 
41 59.68} 59.97) 60.26] 60.55) 60.85} 61.14) 61.43} 61.73] 62.03] 62.32 
42 62.62} 62.92) 63.22) 63.52) 63.82) 64.12| 64.42] 64.73) 65.03] 65.33 
43 65.64} 65.95) 66.25] 66.56] 66.87| 67.17| 67.48] 67 79| 68.10] 68.42 
44 68.78) 69.04! 69.35) 69.67) 69.98) 70.30} 70.62] 70.93] 71.25] 71.57 
45 71.89) 72.21) 72.53] 72.85) 73.17| 73.49] 78.82] 74.14] 74.47) 74.79 
46 75.12) 75.44) 75.77| 76.10) 76.43) 76.76) 77.09] 77.42] 77.75) 78.09 
47 78.42) 78.75) 79.09} 79.42) 79.76| 80.10] 80.43] 80 77| 81.11] 81.45 
48 81.79) 82.18} 82.48) 82.82) 83.16) 83.50} 88.85] 84.19} 84.54) 84.89 
49 85.24] 85.58) 85.93) 86.28] 86.63) 86.98) 87.34] 87.69) 88.04] 88.40 
0.0 1.0 2.0 | 3.0'| 40 | 5.0 6.0 7.0 8.0 9.0 
50 88.75) 92.34] 95.99) 99.72)103.52)107.39 111.33 }115.34 119. 42 |123.58 
60 127.80)132.10}136.46)140.90)145.41/145.99 154.64 |159. 36 |164.15}1€9.02 
70 178 .95}178 .96}184.03|189.18)194.40)199 69 |205.05 |210. 48 1215.98 |221.56 
80 227201232 .92|238. 70/244. 56/250. 49/256. 49 1262.56 |268.70 |274.91 281.20 
90 287 55/298 . 98/300. 47/307 . 04/313. 68/320.39 |327.17 1334 02 |840.94 1347.94 
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32 TABLE XIV.—GRADES AND GRADE ANGLES 


















































Feet ie Feet : Feet 
er | Feet per | Inclina- er | Feet per | Inclina-|| per | Feet per Inclin: 
ta-| Mile. tion. ta-} Mile. tion. sta-| Mile. | ation. 

tion. tion. tion. 
TT Ae o Siw, ‘On seo ®. 
01 528 21 51 | 26.928 17 32 1.01 | 53.828 34 43 
02 1.056 41 52 456 17 53 1.02 | 53.856 35 04 
.03 1.584 1 02 5B] 27.984 18 13 1.03 | 54.384 85 24 
04 2.112 1 23 -54 | 28.512 18 34 1.04 | 54.912 35 45 
05 2.640 1 43 55 | 29.040 18 54 1.05 | 55.440 36 05 
06 3.168 2 04 56 | 29.568 19 15 1.06 | 55.968 36 26 
07 3.696 2 24 57 | 30.096 19 36 1.07 | 56.496 86 47 
08 4.224 2 45 58 | 80.624 19 56 1.08 | 57.024 37 08 
-09 4.752 3 06 59 81.152 20 17 1.09 57.552 87 28 
-10 5.280 3 26 -60 | 381.680 20 88 || 1.10 | 58.080 37 49 
oe 5.808 8 47 61 | 32.208 20 58 1.11 | 58.608 38 09 
12 6.336 4 08 62 | 32.736 21 19 1.12 | 59.186 88 30 
13 6.864 4 28 63 | 83.264 21 39 1.13 | 59.664 88 51 
14 7.892 4 49 64 | 33.792 22 00 1.14 | 60.192 39 11 
15 7.920 5 09 65 | 34.320 22 21 1.15 | 60.720 39 32 
-16 8.448 5 30 66 | 34.848 22 41 1.16 | 61.248 39 53 
17 8.976 5 51 67 | 35.376 23 02 1.17 | 61.776 40 13 
-18 9.504 6 11 68 | 35.904 23 28 1.18 | 62.304 40 34 
19 | 10.032 6 32 69 | 36.432 23 43 1.19 | 62.882 40 54 
-20 | 10.560 6 53 -70 | 386.960 24 04 1.20 | 63.360 41 15 
21 | 11.088 7 13 -71 | 37.488 24 24 1.21 | 63.888 41 35 
22) 11.616 7 84 72 | 38.016 24 45 1.22] 64.416 41 56 
23 12.144 7 54 73 | 38.544 25 06 1,23 64.944 42 17 
24) 12.672 8 15 74 | 39.07 25 26 1.24] 65.472 2 38 
~25 | 138.200 8 36 75 | 389.600 25 47 1.25 | 66.000 42 58 
26 | 18.728 8 56 76 | 40.128 26 08 1.26 | 66.528 43 19 
27 | 14.256 9 17 -77 | 40.656 26 28 1.27 | 67.056 43 39 
28 | 14.784 9 38 -78 | 41.184 26 49 1.28 | 67.584 44 00 
29 | 15.312 9 58 vi 41.712 27 09 1.29 | 68.112 44 21 
-30 | 15.840 10 19 80 | 42.240 27 30 1.30 | 68.640 44 41 
-381 | 16.368 10 39 81 | 42.768 27 51 1.31} 69.168 45 02 
-82 | 16.896 11 00 82 | 43.296 28 11 1.32 | 69.696 45 23 
3 17.424 11 21 83 | 43.824 28 32 1.33 | 70.224 45 43 
34 | 17.952 11 41 84 | 44.352 28 53 1.384] 70.752 46 04 
-85 | 18.480 12 02 85 | 44.880 29 13 1.35 | 71.280 46 24 
86 | 19.008 12 28 86 | 45.408 29 84 1.36 | 71.808 46 45 
87 | 19.536 12 43 87 | 45.936 29 54 1.37 | 72.886 47 06 
-38 | 20.064 13 04 -88 | 46.464 30 15 1.38 | 72.864 47 26 
-39 | 20.592 13 24 -89 | 46.992 30 36 1.39 | 73.892 47 47 
-40 | 21.120 13 45 -90 | 47.520 80 57 1.40 | 73.920 48 08 
41 | 21.648 14 06 -91 | 48.048 31 17 1.41 | 74.448 48 28 
242 | 22.176 14 26 -92 | 48.57 31 38 1.42 | 74.976 48 49 
+48 | 22.704 14 47 -93 | 49.104 31 58 1.43] 75.504 49 09 
23.232 15 08 -94 | 49.632 32 19 1.44 | 76.032 49 30 
-45 | 23.760 15 28 -95 | 50.160 32 39 1.45 | 76.560 49 51 
-46 | 24.288 15 49 -96 | 50.688 33 00 1.46 | 77.088 50 11 
47 | 24.816 16 09 -97 | 51.216 33 21 1.47 | 77.616 50 32 
-48 | 25.344 16 30 -98 | 51.744 33 41 1.48 | 78.144 50 52 
-49 | 25.872 16 51 .99 | 52.272 34 02 1.49 | 78.672 51 13 
-50 | 26.400 17 11 bi | 52.800 34 23 1.50 | 79.200 61 34 


TABLE XIV.—GRADES AND GRADE ANGLES 
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Feet 


er |Feet per} Inclina- 
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103.488 
104.016 
104,544 
105.072 
105.600 
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Feet 
per 
Sta- 


tion. 


oO OAAMO SP LWWNWDOEHO 
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Feet per | Inclina- 


ile, 


158.400 
161.040 


216.480 
221.760 
227.040 
232.320 
237.600 
242.880 
248,160 
253.440 
208.720 
264.000 
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422.400 
427.680 
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34 TABLE XV.—FOR OBTAINING BAROMETRIC 


ae EN 























Barom- 5 i 
Diff. per 

eter. 04 0.06 0.08 5? 
tenes 0.00 0.02 0.0 -002 in, 

3 16832 16860 16888 16915 16943 2.8 

ae 2 16970 16997 17025 17052 17080 2:8 

2 17107 17184 17162 17189 17216 2.7 

38 17243 17270 17298 17325 17352 2.7 

4 17379 17406 17433 17460 17487 2.7 

5 17514 17540 17567 17594 17621 2.7 

6 7648 17674 1701 17728 17755 2.7 

Be 17781 17808 17834 17861 17887 oy 

17914 7 ; 

8 17940 17967 17993 18020 2.7 

9 18046 18072 18099 18125 18151 2.6 

~- 20.0 18178 18204 18230 18256 18282 2.6 

asl 18308 18334 18360 18386 18413 2.6 

2 18438 18464 18490 18516 18542 2.6 

3 18568 18594 18620 18645 18671 2.6 

4 18697 18723 18748 18774 18799 2.6 

5 18825 18851 18876 18902 18927 2.6 

6 18953 18978 19004 19029 19054 2.5 

ae 19080 19105 19130 19156 19181 2.5 

8 19206 19231 19256 19282 19307 2.5 

9 19332 19357 19382 19407 19432 2.5 

21 .0 19457 19482 19507 19532 19557 2.5 

ail 19582 19606 19631 19656 19681 2.5 

2 19706 19730 19755 19780 19804 2.5 

38 19829 19854 19878 19903 19927 2.5 

4 19952 19976 20001 20025 . 20050 2.5 

5 20074 20098 20123 20147 20172 2.5 

6 20196 20220 20269 20293 2.4 

Wr; 20317 20341 20365 20389 20413 2.4 

8 20438 20462 20486 20510 20534 2.4 

9 20558 20581 20605 20629 20653 2.4 

22 .0 20677 20701 20725 20748 20772 2.4 

at 20796 20820 20843 20867 20891 2.4 

2 20914 20938 20962 20985 21009 2.4 

13 21032 21056 21079 21103 21126 2.4 

nf 21150 21173 21196 21220 21243 2.3 

5 21266 21290 21313 21336 21359 2.3 

.6 21383 21406 21429 21452 21475 2.3 

Ys 21498 21522 21545 21568 21591 2:3 

8 21614 21637 21660 21683 21706 2.3 

9 21728 21751 21774 21797 21820 23 

23 .0 21843 21866 21888 21911 21934 2.3 

ot 21957 21979 22002 22025 22047 2.3 

2 22070 22092 22115 22138 22160 2.3 

3 22183 22205 22250 22272 2.2 

4 22295 22317 22340 22362 22384 2.2 

5 22407 22429 22451 22474 22496 2.2 

6 22518 22540 22562 22607 2.2 

Dy 22629 22651 22673 22695 22717 2.2 

8 22739 22761 22783 22805 22827 2.2 

9 22849 22871 22893 22915 22937 29 

24 .0 22959 22981 23003 23024 23046 2.2 

al 23068 23090 23111 23133 23155 2.2 

2 23176 23198 23220 23241 23263 2.2 

3 23285 23306 23328 23349 23371 2.2 

4 23392 23414 23435 23457 23478 23 

5 23500 23521 23542 23564 23585 2.1 

6 23606 23628 23649 23670 23692 2.1 

“ye 23713 23734 23755 23776 23798 2.1 

8 23819 23840 23861 23882 23903 2.1 

9 23924 23945 23966 23987 24008 on 
es. 





Barom- 
eter. 
Inches 


we 
or 


iS] 
a 


~ 
az 


TR WIS OMY RMMBWWHOS CONRMWAWMHO 


wo 
3 & 


ao 
So 


DHOUAMA WINS DONOTAwWIHOS CONS MAWNUOS SDE 


ee pact, 





0.00 





29072 
29158 
29244 
29330 
29416 


29586 


HEIGHTS 
SES | 


0.02 


0.04 


IN FEET 


0.06 


27539 
27631 


27813 
27904 


27994 


28174 
28263 


28441 
28529 
28618 
28706 
28793 


28881 


29054 
29141 


29313 
29398 


29569 
29654 
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TABLE XVI.—COEFFICIENT OF CORRECTION FOR’ 
































TEMPERATURE 

| t 1 C) 

t+t/ —64° lt4+¢ — 64°]! ,jt-+t/ — 64° jt +t! — 64 

Pt) EN te Et ee Se a Se Ee pL RS 

ee 900 ||P + M00 by) Ceveog ut 900 

20° .0489 65° 0911 110° | + .0511 || 155° 1011 
21 — .0478 66 HE “002 111 .0522 || 156 .1022 
22 .0467 67 -0033 || 112 0583. || 157 .1033 
23 .0456 68 0044 || 118 0544 || 158 .1044 
24 0444 69 0056 || 114 0556 || 159 .1056 
25 .0433 70 0067 || 115 .0567 || 160 .1067 
26 .0422 71 .0078 || 116 0578 || 161 .1078 
27 0411 72 .0089 |) 117 .0589 |) 162 .1089 
28 .0400 73 0100 |) 118 0600 |) 163 .1100 
29 .0389 74 0111 |} 119 .0611 |) 164 1111 
30 .0378 5 0122 || 120 | + .0622 || 165 .1122 
31 — .0367 76 | + .0133 || 121 0633 || 166 | + .1133 
32 .0356 v7 0144 || 122 .0644 |} 167 .1144 
33 .0344 78 0156 || 123 0656 |) 168 .1156 
34 .0333 79 0167 || 124 .0667 |) 169 .1167 
35 .0322 80 0178 |] 125 0678 || 170 .1178 
36 .0311 81 0189 || 126 .0689 |) 171 .1189 
37 .0300 82 0200 || 127 .0700 || 172 .1200 
38 .0289 83 0211 128 0711 || 173 1211 
39 .0278 84 0222 || 129 0722 || 174 .1222 
40 .0267 85 0233 || 180 | + .0733 || 175 .1233 
41 — .0256 86 | + .0244 || 131 .0744 || 176 | + .1244 
42 .0244 87 0256 || 132 0756 |) 177 .1256 
43 .0233 88 .0267 || 133 .0767 || 178 .1267 
44 .0222 89 0278 || 134 0778 || 179 .1278 
45 0211 90 .0289 || 135 .0789 |) 180 .1289 
46 .0200 91 0300 || 136 0800 || 181 .1300 
47 .0189 92 0311 137 .0811 |, 182 1811 
48 .0178 93 0322 || 138 0822 || 188 .1322 
49 .0167 94 .0333 |] 139 0833 || 184 .1883 
50 | — .0156 95 .0344 || 140 | +. .0844 || 185 .1344 
51 .0144 96 | + .0856 || 141 .0856 | 186 | + .1356 
52 .0133 97 .0367 || 142 0867 || 187 .1367 
53 .0122 98 0378 |] 143 .087 188 .1378 
54 0111 99 .0389 || 144 .0889 |} 189 .1889 
55 .0100 100 .0400 |] 145 .0900 |! 190 .1400 
56 .0089 101 0411 146 .0911 | 191 1411 
57 .0078 102 .0422 || 147 .0922 || 192 .1422 
58 .0067 103 0433 || 148 .0933 |} 193 .1433 
59 .0056 104 .0444 |] 149 .0944 || 194 .1444 
60 .0044 105 .0456 150 | + .0956 || 195 .1456 
61 | — .0033 106 | + .0467 || 151 0967 | 196 | + .1467 
62 .0022 107 0478 || 152 0978 || 197 1478 
63 0011 108 0489 || 153 .0989 |) 198 .1489 
64 -0000 109 -0500 || 154 -1000 || 199 -1500 

at) Re ee ee | 











TABLE XVII.—CORRECTION FOR BARTH’S CURVATURE 


AND REFRACTION 











ron He 
800 | .002 
400 | .003 
500 | .005 
600 | .007 
700 | .010 
800 | .013 
900 | .017 
1000 | 020 
1100 | .025 
1200 | .030 








He 
085 
-040 
-046 
052 
-059 
-066 
074 
082 
.090 
-099 





L° 





H° 


-108 
118 
-128 
189 
-149 
-161 
172 
-184 
197 
-210 











L° 











He 





223 
2387 
+251 
-266 
+281 
-296 
812 
828 
845 
862 











Ho 


879 
397 
415 
484 
-453 
472 
-492 
-512 
-583 
554 





Miles 





SODRIDMAP WH 





H° 


571 


2.285 
5.142 
9.141 
14.282 
20.567 
27.994 
36.563 
46.275 
57.130 


TC ?.. 


TABLE XVIII.—STADIA REDUCTIONS FOR READING 100 37 





DIFFERENCES IN ELEVATION 





















































Minutes. | 0° 1? 2 8° 4° 5° 6° we 8° 9° 
0 .00 | 1.74 | 3.49 | 5.23 | 6.96 | 8.68] 10.40} 12.10] 18.78] 15.45 
2 -06 | 1.80 | 3.55 | 5.28 | 7.02 | 8.74] 10.45] 12.15] 18.84) 15.51 
4 -12 | 1.86 | 3.60 | 5.34 | 7.07 | 8.80} 10.51] 12.21] 13.89] 15.56 
6 .17 | 1.92 | 3.66 | 5.40 | 7.13 } 8.85] 10.57) 12.26) 13.95} 15.62 
8 .23 | 1.98 | 3.72 | 5.46 | 7.19 | 8.91] 10.62] 12.32] 14.01] 15.67 

10 .29 | 2.04 | 3.78 | 5.52 | 7.25 | 8.97] 10.68] 12.38] 14.06] 15.73 
12 .35 | 2.09 | 3.84 | 5.57 | 7.30 | 9.03} 10.74! 12.48] 14.121 15.78 
14 41 | 2.15 | 3.90 | 5.63 | 7.386 | 9.08) 10.79) 12.49]:14.17] 15.84 
16 47 | 2.21 | 3.95 | 5.69 | 7.42 | 9.14] 10.85) 12.55] 14.23) 15.89 
18 .52 | 2.27 | 4.01 | 5.75 | 7.48 | 9.20] 10.91}-12.60] 14.28] 15.95 
20 .58 | 2.33 | 4.07 | 5.80 | 7.53 | 9.25} 10.96] 12.66) 14.34] 16.00 
22 .64 | 2.38 | 4.13 | 5.86] 7.59 | 9.31] 11.02] 12.72] 14.40] 16.06 
24 -70 | 2.44 | 4.18 | 5.92 | 7.65 | 9.387) 11.08) 12.77) 14.45} 16.11 
26 -76 | 2.50 | 4.24 | 5.98] 7.71] 9.48) 11.138] 12.88] 14.51) 16.17 
28 -81 | 2.56 | 4.30 | 6.04] 7.76 | 9.48] 11.19] 12.88] 14.56] 16.22 
30 .87 | 2.62 | 4.36 | 6.09 | 7.82 | 9.54] 11.25] 12.94] 14.62] 16.28 
32 .93 | 2.67 | 4.42 | 6.15 | 7.88 | 9.60} 11.30) 13.00] 14.67) 16.33 
34 .99 | 2.73 | 4.48 | 6.21 | 7.94 | 9.65} 11.36) 18.05} 14.73) 16.39 
36 1.05 | 2.79 | 4.53 | 6.27 | 7.99 | 9.71} 11.42] 13e11} 14.79) 16.44 
38 1.11 | 2.85 | 4.59 | 6.83 | 8.05 | 9.77} 11.47] 13.17) 14.84) 16.50 
40 1.16 | 2.91 | 4.65 | 6.38 | 8.11 | 9.83} 11.53) 18.22} 14.90) 16.55 
42 1.22 | 2.97 | 4.71 | 6.44 | 8.17 | 9.88} 11.59) 13.28] 14.95) 16.61 
44 1.28 | 3.02 | 4.76 | 6.50 | 8.22 | 9.94] 11.64] 18.33] 15.01] 16.66 
46 1.34 | 3.08 | 4.82 | 6.56 | 8.28 | 10.00) 11.70] 18.39] 15.06) 16.72 
48 1.40 | 3.14 | 4.88 | 6.61 | 8.34 | 10.05] 11.76] 18.45] 15.12] 16.77 
50 1.45 | 3.20 | 4.94 | 6.67 | 8.40 | 10.11} 11.81) 18.50} 15.17) 16.88 
52 1.51 | 3.26 | 4.99 | 6.73 | 8.45 | 10.17] 11.87] 13.56] 15.23] 16.88 
54 1.57 | 3.31 | 5.05 | 6.78 | 8.51 | 10.22} 11.93] 18.61] 15.28] 16.94 
56 1.63 | 3.37 | 5.11 | 6.84 | 8.57 | 10.28] 11.98} 13.67] 15.34] 16.99 
58 1.69 | 3.43 | 5.17 | 6.90 | 8.63 | 10.34] 12.04] 13.78] 15.40) 17.05 
60 1.74 | 3.49 | 5.23 | 6.96 | 8.68 | 10.40] 12.10} 13.78] 15.45, 17.10 
c 
tts 01 .02 .03 .05 .06 07 .08 .10 ll 12 
1.00 01 .03 .04 .06 .08 .09 ll 13 a5 16 
1.25 02 | .03 05 .08 10 Aly 14 16 18 21 
CORRECTIONS TO HORIZONTAL DISTANCES 
Vertical Y y y y Y y Vertical 
fevepe 0 10 20 30 40 50 ‘Ange 

0° Fae ee Hapa 01 01 02 0° 

1 08 04 05 07 08 -10 1 

2 212 14 au 19 22 24 2 

3 Pye 31 34 37 Al 45 3 

4 -49 .53 Bay 62 -66 il 4 

5 76 81 .86 92 98 1.08 5 

6 1.09 1.15 122 1.28 1.35 1.42 6 

7 1.49 1.56 1.63 1.70 1.78 1.86 7 

8 1.94 2.02 2.10 2.18 eli 2.36 8 

9 2.45 2.54 2.63 2.72 2.82 2.92 9 
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DIFFERENCES IN ELEVATION 



























































Minutes. 1OF |; 119 13° 14%)" | 15° 16° 17° 18° 19° 
0 17.10) 18.73) 20.34 ah.92 23.47) 25.00} 26.50] 27.96] 29.39] 30.78 
2 17.16) 18.78) 20.39] 21.97] 23.52} 25.05] 26.55] 28.01) 29.44 30.83 
4 17.21) 18.84/ 20.44) 22.02] 23.58] 25.10] 26.59] 28.06] 29.48 30.87 
6 17.26} 18.89} 20.50 22.08] 23.63} 25.15| 26.64] 28.10] 29.53 30.92 
8 17.32) 18.95! 20.55] 22.13) 23.68] 25.20] 26.69] 28.15] 29.58 30.97 
10 17.37) 19.00} 20.60} 22.18] 23.73] 25.25] 26.74] 28.20] 99.62 31.01 
12 17.43} 19.05} 20.66] 22.23) 23.78} 25.30 26.79] 28.251 29.67 31.06 
14 17.48} 19.11} 20.71] 22.28] 23.83] 25.35] 26.84] 28.30] 29.72 31.10 
16 17.54] 19.16] 20.76} 22.34] 23.88] 25.40] 26.89] 28.34 29.76) 31.15 
18 17.59) 19.21) 20.81} 22.39] 23.93] 25.45] 26.94] 28 39 29.81) 31.19 
20 17.65) 19.27] 20.87] 22.44] 23.99] 25.50) 26.99} 28-44 29.86) 31.24 
22 17.70/ 19.32} 20.92) 22.49] 24.04] 25.55] 27.04] 28.49 29.90} 31.28 
24 17.76) 19.38] 20.97] 22.54] 24.09] 25.60) 27.09] 28 54 29.95} 31.32 
26 17.81} 19.43/ 21.03) 22.60] 24.14! 25.65] 27.13] 28.58 30.00} 31.38 
28 17.86| 19.48] 21.08} 22.65} 24.19] 25.70] 27.18 28.63} 30.04] 31.42 
30 17.92! 19.54) 21.13] 22.70} 24.24] 25.75] 27.23 28.68} 30.09] 31.47 
32 17.97} 19.59] 21.18] 22.75] 24.29] 25.80] 27.28] 28°73 30.14} 31.51 
34 18.03} 19.64) 21.24] 22.80} 24.34] 25.85] 27.33] 28.77 30.19} 31.56 
36 18,08) 19.70) 21.29] 22.85} 24.39] 25.90] 27.38 28.82} 30.23] 31.60 
38 18.14) 19.75) 21.34] 22.91] 24.44] 25.95] 27.43 28.87! 30.28) 31.65 
40 18.19} 19.80} 21.39] 22.96 24.49] 26.00] 27.48 28.92] 30.32] 31.69 
42 18.24) 19.86] 21.45] 23.01] 24.55] 26.05| 27.52 28.96} 30.37) 31.74 
44 18.30] 19.91] 21.50 23.06} 24.60] 26.10] 27.57 29.01} 30.41] 31.78 
46 18.35) 19.96} 21.55] 23.11} 24.65] 26.15 27.62] 29.06] 30.46] 31.83 
48 18.41) 20.02] 21.60} 23.16] 24.70] 26.20 27.67] 29.11] 30.51] 31.87 
50 18.46} 20.07] 21.66] 23.22} 24.75] 26.25] 27.72 29.15} 30.55! 31.92 
52 18.51) 20.12] 21.71} 23.27] 24.80] 26.30 27.77) 29.20] 30.60} 31.96 
54 18.57) 20.18) 21.76) 23.32] 24.85! 26.35 27.81] 29.25} 30.65] 32.01 
56 18.62} 20.23] 21.81] 23.37] 24.90] 26.40 27.86] 29.30} 30.69] 32.05 
58 18.68} 20.28] 21.87] 23.42] 24.95] 26.45 27.91) 29.34] 30.74] 32.09 
60 18.73) 20.34] 21.92] 23.47] 25.00] 26.50 27.96} 29.89] 30.78] 32.14 

are 

1 14) 15] 16} a7] 19/20] at} ps} os 

1.00 18} 20) 22} 23) 25] a7] a8] 30] ga] “$8 

1.25 23) 25/27/29) 81] Bd] 86/38] ag} G 
a ee | ae 


CORRECTIONS TO HORIZONTAL DISTANCES 























a 
Vertical y y y y y i) Vertical 
‘Angle. 0 10 20 30 40) 50 ‘Angie: 
10° 3.02 3.12 3.22 3.32 3.43 3.53 10° 
11 3.64 3.75 3.86 3.97 4.09 4.21 1l 
12 4.32 4.44 4.56 4.68 4.81 4.93 12 
13 5.06 5.19 5.32 5.45 5.58 5. le 13 
14 5.85 5.99 6.13 6.27 6.41 6.55 14 
15 6.70 6.84 6.99 7.14 7.29 7.44 15 
16 7.60 Mato 7.91 8.07 8.23 8.39 16 
17 8.55 8.71 8.88 9.04 9.21 9.38 17 
18 9.55 9.72 9.89 10.07 | 10.24 10.42 18 
19 10.60 | 10.78 | 10.96 11.14 11.33 11.5] 19 
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DIFFERENCES IN ELEVATION 


Minutes. | 20° | 21°] 22° | 238° 


| | | —_ ] —_ 


0 32.14] 33.46] 34.73] 35.97 
2 32.18} 33.50) 34.77} 36.01 
4 32.23] 83.54) 34.82! 36.05 
6 32.27| 33.59) 34.86] 36.09 
8 32.32] 33.63] 34.90) 36.18 
10 32.36) 33.67} 34.94) 36.17 
12 32.41] 33.72) 34.98) 36.21 
14 32.45) 33.76} 35.02} 386.25 
16 32.49] 33.80) 35.07} 36.29 
18 32.54| 33.84) 35.11} 36.33 
20 32.58] 33.89) 35.15) 36.37 
22 32.63] 33.93) 35.19) 36.41 
24 32.67| 33.97) 35.23} 36.45 
26 32.72] 34.01} 35.27) 36.49 
28 32.76) 34.06] 35.31) 36.53 














32 32.85} 34.14] 35.40] 36.61 
34 32.89) 34.18} 35.44) 36.65 
36 32.93} 34.23] 35.48] 36.69 
38 32.98] 34.27] 35.52] 36.75 
40 33.02} 84.31} 35.56] 36.77 
42 33.07} 34.35) 35.60} 36.80 
44 33.11} 34.40) 35.64} 36.84 
46 33.15) 34.44] 35.68] 36.88 
48 33.20] 34.48] 35.72| 36.92 
50 33.24] 34.52) 35.76} 36.96 
52 33.28] 34.57] 35.80) 37.00 
33.33) 34.61} 35.85} 37.04 
56 33.37| 34.65] 35.89) 37.08 
58 83.41] 34.69} 35.93) 37.12 
60 33.46) 34.73} 35.97] 37.16 
fre 
75 26 27 29 .30 
1.00 35 37 8 40 
1.25 44 46 48 .50 








31 
Al 
52 





83, --.85 
45 46 
56 .58 














CORRECTIONS TO HORIZONTAL DISTANCES 














Vertical y 10’ y y y y Vertical 
‘npie 0 20 30 40 50 ‘Ruale, 
20° 11.70 | 11.89} 12.07 | 12.26 | 12.46 | 12.65 20° 
21 12.84 | 13.04} 18.23 | 13.43 | 13.63 | 18.83 21 
22 14.03 | 14.24] 14.44 | 14.64 | 14.85 | 15.06 22 
23 15.27} 15.48] 15.69 | 15.90 | 16.11 | 16.33 23 
24 16.54 | 16.76 | 16.98 | 17.20 | 17.42 | 17.64 24 
25 17.86 | 18.08] 18.31 | 18.53 | 18.76 | 18.99 25 
26 19.22 | 19.45 | 19.68 | 19.91 } 20.14 | 20.38 26 
27 20.61 | 20.85 | 21.08 | 21.32 | 21.56 | 21.80 27 
28 22.04 | 22.28 | 22.52 | 22.77 | 23.01 | 23.26 28 
29 23.50 | 28.75 | 24.00 | 24.25 | 24.50 | 24.75 29 














40 TABLE XIX.—MEAN REFRACTIONS IN DECLINATION" 








































































































































































































~3| 3 DECLINATIONS. 
Sea) 
3 B< ° ° ° 
s ° ° ° ° ey X:) = poe me ° 
Sm | +20°) +15°] +10°| +5 0 5 10 15 20 
0 h —=]8” —12” —07” Ape” 02’" 07” 127 18” 23” 
o/2 —18 | -12 | -07 | —02 02 07 12 18 23 
| 3 -17 | -l1 | -06 | —01 03 08 13 19 25 
o | 4 —15 | -10 | —05 00 05 10 15 21 27 
OST —10 | —05 00 | +05 10 15 20 26 32 
0 —15’ | —10’” | —05”| 00” 05771" 10") 3) 15//e— (2077) siege 
2 —-15 | -10 | —05 00 05 10 15 20 27 
Sales -13 | —08 | —03 | +02 07 12 17 23 29 
4 —10 | —05 00 | +05 10 15 20 27 32 
5 —05 00 | +05 | +10 15 20 27 32 40 
~ |Oh | —13” | —08” | —02” | 92/7 08/7)" 13’) 18/7; 24""! ager 
2/2 —12 | -07 | —01 03 09 14 19 25 31 
oults —10 | —05 00 05 10 15 20 26 32 
aa —05 00 | +05 10 15 20 26 32 3 
6 +07 | +12 | +17 23 29 36 43 51 | V 01 
0 h —10” —05” 00’” 05” 10” 15” 20’ 26” 32” 
» |2 —07 | —03 02 07 12 17 22 28 34 
°o|3 —05 00 03 08 13 19 25 31 38 
ml4 00 | +05 10 15 20 26 32 3 46 
6 | +15 | +20 26 32 39 46 5591e106. | 119 
>| 0h | —08”! —02”] 02] 08” 13% )4 HS be 24"/les 13074] Fs < 367 
8/2 | —06 00 05 10 15 20 26 32 39 
5 (3 +02 | +07 12 17 23 29 36 43 51 
a |4 ) +04 | +09 14 20 25 31 40 8 55 
| 5 +21 | +27 33 40 48 57 |. 1708 | 1’ 23 | V 41 
0 —05” | 00”! 057} 10” TOW 21 oe O72 lee £3377] nn Ar” 
8 162 —038 02 07 12 18 23 29 36 43 
6/3 | +01 05 11 16 22 28 34 4] 4 
“14 | +08 12 19 24 30 37 53 | 1’ 04 
5 | +29 34 41 49 59 | 1710 | 1’ 24 | 143 | 2-08 
PS 0 h —02” 02’’ 08’” 13” 184 24” 30’ 36” 44” 
3 2 00 05 10 15 21 27 33 40 48 
ses +02 10 15 21 27 33 40 4 57 
~|4 | +13 18 23 29 35 43 Dia Ww 0L Late 
s/5 | +34 41 49 68 110 9128") ay 19) 06) | 2) 42 
Oh} 007} 057] 107) 15” 21%) or) 337i 40r?| «437 
a |e 03 07 13 18 24 30 36 44 52 
3|3 06 13 18 24 30 36 44 52 | 1’ 02 
4 17 22 28 35 42 50-|-17-00+|-34-141—|-1-26 
5 39 47 S| LOT 1? 208 137 800) ket se le snab 
BOE (RAI IA Sey || iy 24”) 80”) = 36” = -44’”) 3 97 
S32 06 ll 15 21 27 33 40 48 57 
5 Ie ll 15 21 27 33 40 4 57 | 1’ 08 
a | 4 20 26 32 39 46 56 | 1 07-/ 1719 | 1 37 
2) 5 45 538 /1’03 | 1/16 | 1’31 | 1752 | 2 21 | 3 07 | -4 28 
0 h 05/’ 107% 15” Die Arie 33” 40’” 48/’ [sp(ee 
o | 2 08 14 19 25 31 38 46 54 | 1’ 05 
9 | 3 12 18 24 30 37 44 04 | 1 18 
4 23 29 5 45 53, | Woe 164 1/31 ek 52 
5 49 59 | 110 | 124 | 1’52 | 2 07 | 2 44 | 3 46 | 5 43 
+20°) +15°}] +10°} +5° | 0° —5° | —10°] —15°| —20° 


























TABLE XIx.—MEAN REFRACTIONS IN DECLINATION 4] 



















































































































































































Oo : 
Z| € DECLINATIONS. 
2/58 $$ 
° 
ss jan] +20° | +15° |} +10°} +5° o° —6° | —10°| —15°|) —20° 
S Oh 08” 13/” 18” 94" 30” 36” 44”” 52’"| 1° 02” 
| 2 ll 16 22 28 34 41 49 | 1’00 | I 10 
o 8 17 22 28 35 42 50 | 1’00 |\1 11 | P26 
| 4 28 42 VY 00 | 1’11 | 1 26 | 1 48 | 2 09 
R15 54 | 105 | 1718 | 134) 1 54 | 2 24 |) 8 11 | 4 38 | 8 15 
Oh 10” 15” 21” av’ 33”’ 40” 48” 57") 1” 087 
> |2 14 19 25 31 38 46 5 1’ 05 | 1 18 
= 3 20 26 32 39 47 55 | 1'06 | 1 19 | 1 36 
4 2 39 46 2 | 1/06 | 1’ 19 | 1 85 | 1 57 | 2 29 
5 V’00 | 110 | 1’ 24 | 152 | 2 OF | 2 44 | 8 46 | 5 48 113 06 
> Oh 13” 18”” 24” 30” 36” 44/’ 52’) 1 02/7) 1 14” 
| 2 17 22 28 35 42 60 | 1’ 00 | 1 11 | 1 26 
o | 3% 23 29 35 43 SL 1°17 OL | E18) | T 28.) YF 4% 
n|4 3 DT; ek OL, |G W321 27) at 46; |02 13) | er 64 
e | 5 ENO3) 151 oo ei7 CL \81, 687182) 20) 63" 05) 04 25) | S236 
Oh 15” 21” 27” 33” 40” 48”” 57’) V’ 08/7) <1 21” 
o | 3 20 25 32 38 46 55 | 1’ 05 | 1 18 | 1 35 
= 3 26 33 39 47 56 | 1’ 07 | 1 21 | 1 38 | 2 00 
4 39 56 | 1’ 07 | 1’ 20 | 1 86 | 1 59 | 2 32 | 8 25 
5 VY 07 | 1’ 20 | 1’ 38 | 2 00 | 2 34 | 3 29 | 5 14 /10 16 
> 0 h 18” 24” 30” 36” 44” 52” 1Y 02’’ a? yay V 29”" 
| 2 22 28 35 42 50 | 1’00 | 1 12] 1 26 | 1 45 
> | 3 29 36 1’ 02 | 1 14) 1 29 | 1 49 | 2 16 
| 4 51 | 1’ 01 | 13 | 1 27 | 1 49 | 2 14] 2 54 | 4 05 
15 Wil | \ 26) el 64 102 10) 72-49) 168 55. /'6 15 4 58 
Oh 91” Py led 33” 40” 48”” 57” 1’ 08’| 1’ 21’) 1’ 39” 
2 | 2 25 82 39 46 62 We406) |e: 19) jel 35, |B 5e 
c 3 33 40 48 57 | 1708 | 1 21 | 1 38 | 2 02 | 2 86 
4 55 | 1706 | 1’19 | 1 386 | 1 58 | 2 30 | 3 21 | 4 59 
5 P15 CV 3h) T Slee 206 8.05 |64. 25) |) 7 34 125-18 
> 0 h OAs 30” 36’ 44’" 52” 1/ 0277 1! 1477, Mg og \’ 49” 
| 2 28 35 39 ON el OOM ei ie) el 26; NL. Abie 
>. | 3 36 4 2 \.1’ 02 }-1 13 | 1 29 )\2 49 | 2 17 | 2 59 
a2 | 4 1’ 00 | 1’ 11 |, 1 26 |-1 44] 2 10 | 2 49 | 3 55 | 6 16 
+15 W179 |) 1 36.) 1 58). 162 80: 08 22) (25 200) 19 124 
Oh 27” 33” 40’” 48’” 57’) 17 08/"| 17 21) 1’ 39’) 2’ 02” 
o | 2 32 39 46 52 |.1’06 | 1 19 | 1 85 | 1 57 | 2 29 
3 3 40 47 1’ 07 | 1 21 | 1 38 | 2 00 | 2 34 | 3 29 
4 54 | 1704 | 1716 | 1 3838/1 54 | 2 24 | 8 11 | 4 88] § 15 
5 1’ 23 | 1 41 | 2 05 | 2 41 | 8 40 | 5 40 /12 02 
> 0 30” 36” 44” 52"! 1’ 02’! 1° 14’) 1’ 29’) 1” 49” Q' 18” 
| 2 35 42 1700 j71 12 (1 26 | 1 45 | 2 01 | 2 51 
. |3 43 1/1701 | 1 13 | 1 28) 1 47 | 2 15 | 2 56 | 4 08 
| 4 1’ 09 | 1 23 | 1 40 | 2 05 | 2 40 | 3 39 | 5 387 j11 18 
+) 5 V27 | 1 46 | 2 12' \2 52 |. 4 01 | 6 30.)16 19 
+20° |) +15°| +10°| +5° o° —6° | —10° | —16° | —20° 






























































































































































42 TABLE XIX.—MEAN REFRACTIONS IN DECLINATION 
3 s DECLINATIONS. 
wo 

2/84 
3 = +20° | +15°/ +10°} +5° | 0° | —5° | —10°| —15°} —20° 
“yor “ 40"} 48’) X57”! 1 08’] 1 21”) 1" 39”1 2” 027] 2" 3677 
“s 2 33 46 55 | 1406 | ¥ 18 |°l 35 | -1 57 | 2 28 | 3:19 
°/3 47 56 | 1’06 | 1 19 | 1 386 | 2 29 | 2 31 | 8 93 | 5 02 
aie’ 1’02 | 1’ 14 |] 1 29 |} 1 48 | 2 16 | 2 58 |.4 18 | 6 59 |19° 47 

5 1 30] 1 51 | 2 19 | 8 04] 4 22 | 7 28 J24 ‘10 
sa ” 4/1 Be"! 1 02”) 14”) WV’ 29"| 1” 49”) 9” 1977/9” 05” 
8 2 33 50 59 | 1 11] 1 26 | 1 42 | 2 23 |.2 49 | 3°55 

3 50 | 1700 | 1’11 | 1 26] 1 45 | 2 11 | 2 51/12 58 | 6 22 
| 4 105 | 1 18 | 1 385 | 2 10 | 2 28 | 3 19 | 4 538 | 8 42 
10] 5 1 34] 1 56 | 2 27 | 3 16 | 4 47 | 8 52 
ar, 0 did 48” 57” vad 08s” Vv O12 a go” ee 02" 2’ 36” 3’ oo! 
oats 48 55 | 1/05 |. 1 18 | 1 34 | 1 56 | 2 30/8 15 | 4 47 
6/3 5 | 06/119 | 1 35 | 1 58 | 2 30 | 3 21 | 4 58] 9 19 
o)4 1710 | 1 23] 1 42 | 2:06 | 8 431.3 44 | 5 49 119 41 

5 1 87 | 2 01 | 2 34 | 3 28 | 5 15 |10 18 
lo 44"! 52") 1’ 02"! 1 14”! 1’ 29"! 1” 49”! 2” 18”! 3° O54? B77 
Ria 50 59 fo. VW fol 25°11 43 Is2 09 |°2 47 108 61] 6204 
, (3 10 | 1 24 | 1 42 | 2 07 | 2 438 | 3 45 | 5 50 12 47 
iS 4 Wl} 1 25 | 1 48 | 2:10 |]-2 50 | 3 55 | 6 14 |14 49 

5 1 41} 2 06 | 2 42 | 8 42 | 5 46 |12 26 
¥e re) 4g” 57” y’ 08’’ Vv 21” Y 39” 9’ 02” 2’ 36” 3’ 33” 5’ Sarr 
sa 1’ 04 | 1 17 | 1 88 | 1 54 [2 24 | 8 12 |°4 38 | #15 
3/8 103 | 1 15 | 1 30 | 1 51 | 2 20] 3 04 | 4 24 | 7 31 loa 44 

4 118} 1 34] 1 56 | 2 28] 3 18 | 4 5018 53 

5 145 | 211 | 2 50/3 57 | 6 21 [15 32 
Shy 0 52’) 1” 02"! 1” 14’) 1 29"! 1” 50 | 2’ 18”! 37 00”! 47 17] 7 19” 
Si\'2 58 | 1 09 | 1 23 | 1 41 | 2 06 | 2 48 | 3 44 | 5 50 |19 44 
Re V’ 07 | 1 23 | 1 88 | 2 01 | 2 35 | 3 3015 ie |10 24 
| 4 1 23 | 1 40 | 2 05 | 2 40 | 8 40 | 5 87 |11 50 
©/5 1 48 | 217] 2 59 | 4 14] 7 08 

0 57’) 1’ 08”! 1” 21”) 1° 39”! 2” og”! 2” 36”) 3° 33”! 5’ 23/107 51” 
Shi 03 | 1 16 | 1 81] 1 52] 2 21 | 3 07 | 4 28 | 7 44 
2/3 112 | 1 27) 1 46 | 2 12 | 2 52 | 4 02 | 6 33 

4 1 27 | 1 47 | 2138] 2 5414 05 | 6 40 

5 1 52 | 2 22 | 3 08 | 4 30 | 7 52 ; 
_—\ ——— 
=} OB) 1 02") Ve 14”) 17 29") 1” 50”) 2” 18”| 3° OO”! 4? 17”! A 13" 
$3 1 08 | 1 22 | 1 40 | 2:03 | 2 39 | 8 37. | 5 32 |11 98 
ES 117/184] 1 55 | 2 26/3 14 | 4 4418 34 
eR) 4 1 32 | 1 53 | 2 23 | 3 14 | 4 35 18°05 
O15 1 56 | 2 28 | 3 17 |.4 40 | 8 51 

Oh | 1’ 08") 17 21”) 17 89” 9” ga” 2’ 36”) 8’ 33”| 5’ 237/10" 51” 
2/8 1 14/1 29/1 50/218] 300] 4 17/7 13 
©/|3 1 23 | 1 43 | 2 05 | 2 41. |-3 41 | 5 59 |19 15 

4 1 37 | 2 00 | 2 84 | 3 28 | 5 20 |10 Ie 

5 2 02 | 2 83 | 8 27/5 11 110 05 

+20°} +15° |] 410°) 45° | go —5° | —10° |} —15°) —30° 
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TABLE XXA.—LENGTHS OF CIRCULAR ARCS; RADIUS = 1 43 
by Sol A. Bauer 





Are (deg.) 


60}1. 


- 01745329] 61 
-03490659| 62 
- 05235988] 63 
-06981317| 64 


- 08726646] 65 
- 10471976] 66 
+ 12217305] 67 
- 13962634) 68 
- 15707963] 69 


10} .17453293) 70 
11|/ .19198622) 71 
12| .20943951| 72 
13] .22689280] 73 
14| .24434610| 74 


15| .26179939| 75 
16| .27925268] 76 
17| .29670597| 77 
18 | .31415927) 78 
19] .33161256} 79 


20] .34906585| 80 

21) .36651914) 81 
38397244 

23| .40142573] 83 

24| .41887902) 84 


OCONMD PWNHH © 


25| .43633231) 85 
26| .45378561) 86 
27| .47123890] 87 
28} .48869219] 88 
29] .50614548] 39 


30} .52359878] 90 


32] .55850536] 92 
33 | .57595865| 93 
34] .59341195) 94 


35| .61086524) 95 
36 | .62831853) 96 
37| .64577182| 97 
38| .66322512) 98 
39 | .68067841) 99 


40} .69813170} 100 
41| .71558499] 101 
42] .73303829} 102 
43) .75049158} 103 
44| .76794487| 104 


45| .78539816| 105 


49| 185521133] 109 


50| .87266463] 110 
51] .89011792) 111 
52] .90757121} 112 
53) .92502450} 113 
54| .94247780 


55| .95993109 





5 
58 |1.01229097 





























Length of Arc; Radius = 1 Decimals 
Are (min.) | Arc (sec.)| P.P. | Min.| Sec. 

04719755) 0 484.81 0 
06465084) 1/.00029089].00000485) 1| 48] .016].00027] 1 
08210414] 2].00058178).00000970| 2| 97] .033}.00055} 2 
09955743] 3 |.00087266]. 00001454] 3} 145] .050|.00083) 3 
11701072] 4]|.00116355].00001939] 4} 194] .066}.00111] 4 
13446401] 5]|.00145444|.00002424) 5 | 242] .083].00138] 5 
15191731] 6 |.00174533].00002909] 6 | 291] .100}.00166} 6 
16937060] 7 ]|.00203622].00003394| 7 | 339] .116].00194) 7 
18682389] 8 |.00232711].00003879) 8 | 388 | .133|.00222) 8 
20427718] 9]|.00261799].00004363) 9 | 436]. .00250) 9 
22173048] 10 |.00290888] .00004848 ~166 |.00277| 10 
23918377] 11 |.00319977|. 00005333 A 00305} 11 
25663706] 12 | .00349066| . 00005818 - 200 |.00333] 12 
27409035] 13 |.00378155] .00006303 b 00361} 13 
29154365] 14 |.00407243] . 00006787 00388] 14 
30899694) 15 |.00436332!] .00007272 250 |.00416} 15 
32645023] 16 | .00465421] . 00007757 - 266 |.00444| 16 
34390352] 17 |.00494510} 00008242 «283 |.00472) 17 
36135682] 18 |.00523599] . 00008727 5 00500}, 12 
37881011] 19 |.00552688] .00009211 316 |.00527) 19 
39626340) 20 |.00581776] . 00009696 833 |.00555) 2C 
41371669] 21 | .00610865) .00010181 «350 |.00583] 21 
43116999} 22 | .00639954| . 00010666 . 00611) 22 
44862328] 23 |.00669043).00011151 - 383 |.00638] 23 
46607657| 24 |.00698132].00011636 5 00666] 24 
Pera 25 | .00727221|.00012120 -416 |.00694| 25 
50098316] 26 | .00756309] .00012605 5 00722) 26 
treet 27 | .00785398] .00013090 é 00750) 27 
53588974] 28 |.00814487].00013575 -466 |.00777| 28 
55334303) 29 |.00843576] .00014060 A 00805} 29 
57079633] 30 |.00872665] .00014544 - 500 | .00833] 30 
- 58824962] 31 |.00901753) .00015029 -516 |.00861] 31 
60570291) 32 |.00930842].00015514 . 533 |.00888| 32 
62315620] 33 |.00959931) .00015999 5 00916] 33 
64060950} 34 |.00989020| . 00016484 A 944) 34 
65806279} 35 |.01018109] . 00016968 - 583 |.00972] 35 
67551608] 36 |.01047198) . 00017453 -600|.01000} 36 
69296937] 37 |.01076286| . 00017938 5 01027] 37 

1042267] 38 |.01105375] . 00018423 A 01055) 38 
42787596 39 |.01134464! .00018908 -650 |.01083] 39 
74532925 vis - 01163553] . 00019393 666 |.01111} 40 
76278254| 41 | .01192642| .00019877 683 |.01138) 41 
78023584 42 |.01221730} .00020362 700 |.01166] 42 
79768913) 43 |.01250819] . 00020847 716|.01194| 43 
81514242) 44 |.01279908) . 00021332 733 |.01222 
83259571| 45 |.01308997] .00021817 . 750 |.01250) 45 
85004901) 46 |.01338086] .00022301 5 01277) 46 
86750230] 47 |.01367175| .00022786 83 |.01305| 47 
88495559| 48 |.01396263] . 00023271 800 |.01333] 48 
90240888] 49 |.01425352] .00023756 816 |.01361| 49 
91986218] 50|.01454441] . 00024241 833 |.01388] 50 
93731547] 51 |.01483530] . 00024725 850 }.01416} 51 
95476876| 52 |.01512619]. 00025210 866 |.01444) 52 
97222205) 53 |.01541707] .00025695 883 |.01472| 53 
98967535) 54 |.01570796} . 00026180 900 |.01500} 54 
00712864) 55 |.01599885} . 00026665 916|.01527} 55 
02458193] 56 |.01628974| . 00027150 933 |.01555| 56 
04203522] 57 |.01658063] . 00027634 950 |.01583) 57 
05948852} 58 |.01687152| . 00028119 966 |.01611) 58 
07694181] 59 |.01716240] . 00028604 -983 |.01638] 59 
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1. 
tf; 
qT; 
ES 
bi 
1. 
2. 
2. 
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2. 


59 |1. 02974426 


am C =/2R (0. Le 2664, 63A — sin A/2) when A = 90° A— 


Area segment = 
(0.2853, 9817). 





C 


2’ (0.0087, 2664, 626A — 34 sin A) when A 
Copyright, 1947, by Sol A. Bauer. 
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44 TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 1 
by Sol A. Bauer 
Min.|~ 1° 2° 3° 4° 5° 6° ue Min. 
Diff. 03 | Diff. 04 | Dit. 05 
: 0|.}000142] 0000277] .0000478|.0000760| 0 
SR ce Lae eam cia 0000280]: 0000482]! 0000765| 1 
2 | 0000282] : 0000486|:0000770| 2 
3 + 0000285] : 0000490]: 0000776| 3 
4 | 0000288]: 0000494]: 0000781] 4 
. 0000020] . 0000065} . 0000151]. 0000291]. 0000498].0000787| 5 
Bide] at | ee tee £0000293] : 0000502|:0000792} 6 
7 :0000296| : 0000506]: 0000798] 7 
8 : 0000299]: 0000510): 0000804] 8 
9 : 0000302]. 0000514}: 0000809} 9 
: 3} .0000022] . 0000070}. 0000161]. 0000305] . 0000519]. 0000815] 10 
Avis. - 0000308] : 0000524|' 0000821) 11 
12 -0000311| : 0000528|-0000827| 12 
13 00003 14] : 0000532 0000832] 13 
aye : 0000317] . 0000536]: 0000838] 14 
15 |.0000004}. 0000025] . 0000076] . 0000170) . 0000320] .0000541}.0000844| 15 
16 - 0000323] . 0000545|:0000850] 16 
17 - 0000326] . 0000549]: 0000855| 17 
18 - 0000329] . 0000553] .0000861) 18 
19 - 0000332] : 0000558] :0000867| 19 
20 |.0000005] 0000028] . 0000082] . 0060180} 0000336]. 0000563|.0000874| 20 
21 - 0000339]: 0000567| 0000880] 21 
22 - 0000342}: 0000571]: 0000886] 22 
23 0000345] : 0000576]: 0000892] 23 
24 - 0000349] . 0000580]: 0000898] 24 
25 |.0000006|. 0000031} . 0000088]. 0000191]. 0000352|.0000585}.0000904| 25 
26 : 0000355] : 0000589]: 0000910] 26 
27 - 0000358]. 0000594]: 0000916] 27 
28 - 0000361]: 0000599]: 0000922] 28 
29 - 0000365] . 0000603} : 0000928] 29 
30 |.0000007] . 0000035]. 0000095] . 0000202] . 0000368) . 0000608].0000934| 30 
31 - 0000372] | 0000613]: 0000941] 31 
32 - 0000375] : 0000618]. 0000947] 32 
33 - 0000378] : 0000623]: 0000953] 33 
34 - 0000382 : 0000627]: 0000959] 34 
35. |. 0000009] 0000038. 0000102}. 0000213] . 0000385]. 0000632|.0000966| 35 
36 - 0000389] . 0000637]: 0000972| 36 
37 - 0000392]: 0000642] : 0000978] 37 
38 - 0000395] . 0000646|:0000985| 38 
39 - 0000399] 0000651}: 0000991] 39 
40 |.0000010] . 0000042] . 0000109] . 0000225] . 0000403] . 0000656]. 0000998| 40 
41 - 0000407] 0000661]: 0001005] 41 
42 - 0000410]  0000666|:0001011] 42 
43 - 0000414]; 0000671]:0001018| 43 
44 - 0000417 0000676]: 0001024] 44 
45 .0000012| . 0000046 . 0000117]. 0000237]. 0000421|.0000681|.0001031| 45 
46 - 0000424] | 0000686]: 0001037] 46 
47 - 0000428}: 0000691}: 0001044] 47 
48 -0000432| : 0000696]: 0001050] 48 
49 - 0000436] : 0000701]: 0001057] 49 
50 |.0000014| . 0000050} . 0000125] . 0000250] 0000440]. 0000707|.0001065| 50 
51 - 0000444]; 0000712]!0001071| 51 
52 . 0000447] | 0000717] 0001078] 52 
53 - 0000451]: 0000722|:0001085| 53 
54 - 0000455] 0000727]: 0001092] 54 
55 |. 0000016). 0000055) .0000133] . 0000263] . 0000459]. 0000733].0001099| 55 
56 - 0000462], 0000738]. 0001106] 56 
57 - 0000466]: 0000743] :0001113| 57 
5 0000474] 0900784] 0001137] 88 
i : i 9 
60 |.0000018) . 0000060] . 0000142). 0000277] : 0000478] : 0000760] .0001134| &@O 














Copyright. 1947, by Sol A. Bauer. 


















































TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 1 
Min. 8° ge 10°; pe 12° 13° 14° 

Diff. 07 | Diff. 09 | Diff. 11 | Diff. 13 | Diff. 16 | Diff. 19 | Diff. 22 

0 |.0001134|. 0001614]. 0002214]. 0002947) . 0003826} . 0004864] . 0006074 
1 |.0001141].0001623} . 0002225) .0002960} . 0003842) . 0004883] . 0006096 
2 |.0001148}. 0001632] .0002236] .0002974! . 0003858] . 0004901] .0006118 
3 |.0001155]. 0001641}. 0002248] . 0002987} . 0003874] . 0004920] . 0006139 
4 |.0001162} .0001650].0002259] . 0003001) . 0003890) 0004939) . 0006162 
5 |.0001169].0001659} . 0002270] . 0003014) .0003906| . 0004958] . 0006183 
6 |.0001177}.0001668] . 0002281) . 0003028} . 0003922) .0004977) .0C06205 
7 |.0001184] .0001677). 0002292) .0003041) . 0003938] . 0004996] . 0006227 
8 |.0001191). 0001687}. 0002303]. 0003055}. 0003954] . 0005015] . 0006249 
9 |.0001198) .0001696]. 0002315] .0003069/. 0003971) . 0005034] . 0006271 
10 |.0001206]. 0001706]. 0002327] .0003083} . 0003987] . 0005053} . 0006294 
11 }|.0001214).0001715}. 0002338} . 0003097] .0004004| .0005072) . 0006316 
12 |.0001221|.0001724}. 0002350} . 0003111] .0004020] . 0005092). 0006338 
13 |.0001228) .0001734| . 0002361] .0003125) .0004037].0005111) .0006360 
14 }|,0001236| . 0001743] . 0002373} .0003138) . 0004053) .0005130) . 0006383 
15 |.0001243} . 0001752]. 0002384] .0003152] . 0004070) . 0005150} . 0006405 
16 |.0001251]. 0001762]. 0002396] . 0003166] . 0004086] . 0005169} . 0006427 
17 |.0001258}. 0001771). 0002407] . 0003180}. 0004103] . 0005189}. 0006450 
18 |.0001266]. 0001781]. 0002419}. 0003194] . 0004120] .0005208} . 0006472 
19 |.0001273}.0001791). 0002431) 0003209} . 0004137] .0005228) .0006495 
20 }.0001282).0001801]. 0002443 Ble see 0004154] ,0005247) .0006518 
21 }.0001289] .0001810}. 0002455] 0003237). 0004170 10005267] . 0006541 
22 |.0001297].0001820}. 0002467]. 0003233) 0004187] .0005287) . 0006564 
23 |:0001305] : 0001830] . 0002479} | 0003266]  0004204| ! 0005307| : 0006587 
24 |.0001313].0001839].0002491) . 0003280} . 0004221] 0005327). 0006609 
25 |.0001320]. 0001849]. 0002503) . 0003295] . 0004238] . 0005347). 0006632 
26 |.0001328] . 0001859}. 0002515] . 0003309] . 0004255] . 0005367). 0006655 
27 |.0001336| . 0001869]. 0002527] . 0003324! . 0004272]. 0005387) .0006678 
28 |.0001344|. 0001879]. 0002539}. 0003338] . 0004289] .0005407}.0006701 
29 |.0001352|.0001889].0002551]. 0003353) . 0004307} . 0005427]. 0006725 
30 |.0001360]. 0001899] .0002563] . 0003367) . 0004324) . 0005447). 0006748 
31 }.0001368] . 0001909} .0002576| .0003382} . 0004341) . 0005467] .0006771 
32 |.0001376] . 0001919]. 0002588] . 0003397] . 0004359] . 0005487]. 0006795 
33 |.0001384| . 0001929]. 0002600) . 0003412) . 0004376] . 0005507) . 0006818 
34 |.0001392].0001939] . 0002612} . 0003426] . 0004393) . 0005528) . 0006841 
35 |.0001400]. 0001949]. 0002625]. 0003441). 0004411}, 0005548). 0006865 
36 |.0001409] . 0001959] . 0002637] . 0003456} . 0004428) .0005569] . 0006888 
37 |.0001417]. 0001969]. 0002649] . 0003471] . 0004446] .0005589] . 0006912 
38 |.0001425]. 0001980] . 0002662} . 0003486] . 0004463] . 0005610) . 0006936 
39 |.0001433].0001990] . 0002674! . 0003501) . 0004481] . 0005631). 0006959 
40 |.0001442] . 0002000]. 0002687]. 0003516] . 0004499} . 0005651) .0006983 
41 |.0001450]. 0002011]. 0002700}. 0003531]. 0004517) 0005671). 0007007 
42 |.0001458]. 0002021}. 0002713} . 0003546] . 0004535) . 0005692) . 0007031 
43 |. 0001467] .0002031]. 0002725] . 0003561) . 0004553] . 0005713) 0007055 
44 |_0001475] . 0002042]. 0002738} . 0003576] . 0004570} . 0005734) .0007079 
45. |.0001484] . 0002052]. 0002750} . 0003592] . 0004588) . 0005755}. 0007103 
46 |.0001492]. 0002063}. 0002763} . 0003607] . 0004606] . 0005776) . 0007127 
47 |.0001501|. 0002074! . 0002776] . 0003622) . 0004624) . 0005797) .0007151 
48 |.0001509] . 0002084]. 0002789]. 0003638} . 0004642) . 0005818) .0007175 
49 |.0001518]. 0002095]. 0002802} . 0003653) . 0004661} . 0005839]. 0007199 
50 |.0001526] . 0002106]. 0002815] . 0003669] . 0004679] .0005860) . 0007224 
51 |.0001535]. 0002116]. 0002828] . 0003684! 0004697). 0005881) . 0007248 
52 |.0001544|. 0002127]. 0002841]. 0003700] . 0004716] . 0005902}. 0007273 
53 |.0001553] . 0002138]. 0002854] 0003715]. 0004734] .0005924). 0007297 
54 |.0001561). 0002149]. 0002868} . 0003730] . 0004752) .0005945| .0007322 
55 |.0001570}. 0002160]. 0002881] . 0003747] . 0004771] .0005967] .0007346 
56 |.0001579| . 0002171]. 0002894! . 0003763] . 0004789] . 0005988). 0007371 
57 |.0001588]. 0002182|.0002907).0003778}. CORTE . 0006010] . 0007396 
58 |.0001597|. 0002193]. 0002920) . 0003794] . 0004826) . 0006031]. 0007420 
59 |.0001606} . 0002204] . 0002934! . 0003810] .0004845) . 0006053] 0007445 
60 |.0001614|. 0002214]. 0002947] . 0003826] . 0004864 0006074! . 0007470 
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Min. 
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TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 





| 


OWN Rwwno 


15° 


Diff. 25 


TZ 


18° 





Diff. 32 








. 0007470}. 
- 0007495}. 
- 0007520) . 
- 0007545}. 
- 0007570 


- 0007595 
- 0007620). 
- 0007646}. 
- 0007671). 
. 0007696 


- 0007722 


0007798 
0007824 


- 0007850 
- 0007875 
- 0007901 
+ 0607927 
- 0007953 


- 0007979 
- 0008005 
- 0008031 
- 0008057 
+ 0008084 


- 0008110 


| 0008216 
. 0008242 


+ 0008348 


- 0008375 
- 0008402 


: 0008483 


- 0008510 
- 0008538 
- 0008565 
- 0008592 
- 0008619 


. 0008647 
: 0008674 
0008757 
0008785 
: 0008812]: 
: 0008840] : 
0008868]. 
- 0008896 


- 0008924 


: 0009065 





. 0009178 
- 0009206 


- 0009321 


- 0009351 
- 0009380 
- 0009409 
- 0009438 
- 0009467 


- 0009496 
- 0009525). 
+ 0009554]. 
- 0009583}. 
- 0009613 
- 0009643 
- 0009672 
- 0009702}. 
- 0009731 
- 0009761 


- 6009791 


0009910 
0009941 


50010062 


- 0010092 
+ 0010122 


0010214 


- 0010245 
- 0010276 
- 0010306 
- 0010337]. 0012304 
+ 0010368 
- 0010399 
- 0010430 
- 0010461 
+ 0010493 
. 0010524 


- 0010555 


+ 0010681 
- 0010713 


10010872 





- 0010872 
- 0010904 
- 0010936 
+ 0010968}. 
- 0011000 


.0011032 
10011065 
0011162]: 
0011194 
10011227 
+ 0011260 
10011292 
10011325 


- 0011358 


- 0011490 


+ 0011523 
- 0011557 


0011590 


+ 0011623 
- 0011657 


- 0011690 
- 0011724}. 
- 0011758}. 
- 0011792}. 
- 0011825 


- 0011858 
- 0011892 
- 0011926 
- 0011960 
- 0011994 


- 0012029 
- 0012063 
- 0012097 
- 0012132 
- 0012166 


- 0012200 
+ 0012235 
- 0012269 


+ 0012339). 


- 0012374 
- 0012409]; 
- 0012444], 
- 0012479], 
- 0012514 


- 0012548 
- 0012584 
- 0012619 
- 0012654 
+ 0012690 


- 0012725 
- 0012761 
- 0012796 
- 0012832 
- 0012868 
- 0012908 





Diff. 36 


0012903]. 
0015213 
0015253 
0015293 
0015333 


- 0015374 
- 0015414]. 


- 0012939 
- 0012975 
0013011 
- 0013047 


- 0013083 
- 0013120 
0013229]. 


- 0013265 
+ 0013301 


- 0013338}. 
: 0015698]: 
- 0015739 


- 0015780 
- 0015821]. 
- 0015862 
- 0015903 
- 0015944 


- 0015985 
- 0016027 
- 0013707]. 001606 
- 0016110}. 
- 0016151].0018777|. 0021672 


- 0018823! . 0021723 
- 0018869] . 0021774 
- 0018915}. 0021825 
- 0018962}. 0021876 


- 0013375 
- 0013412 


- 0013448 
- 0013485 
+ 0013522 
- 0013559 
+ 0013596 


- 0013633 
- 0013670 


- 0013744 
- 0013782 


- 00133820 


:0013970 
- 0014008 


- 0014160 


- 0014198 
- 0014236 
- 0014275 
- 0014313 
- 0014352 


- 0014390 
- 0014428 
- 0014467 
- 0014506 
0014544 


0014583). 


- 0014740}, 


- 0014778 
- 0014817 
- 0014856 
- 0014895 
- 0014934 


- 0014974 
- 0015014 
- 0015054 
- 0015093 
- 0015133 
- 0015173 


Diff. 40 


- 0015576}. 
:0015616]. 0018 


- 0016193 
- 0016235 


- 0016402 
- 0014046} . 
- 0014084}. 
- 0014122), 
- 0016571 


- 0016613 
- 0016656 
- 0016698 
- 0016741 
- 0016784). 


- 0016826 
- 0016868 
- 0016911 
- 0016954]. 


- 0017257 
- 0017300 
- 0017344 
- 0018377 
- 0017431 


- 0017475 
- 0017519 
- 0017563 
- 0017607 
- 0017651 
- 0017695 
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- 0015454), 
- 0015495). 
0015535). 


0015657], 


ie) 


- 0016277 
- 0016319 
- 0016361}. 


0016444 


- 0016997 
0017040 


- 0017170 
0017214 
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Diff. 44 | Diff. 49 


- 0017695}. 0020481 
- 0017739}. 0020530 
. 0017784). 0020579 
- 0017828}. 0020628 
- 0017873}. 0020677 


- 0017917]. 0020726 


0018096}. 0020923 
etesealt 0020972 
186}. 0! 
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1] 
S 
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= 


0018231|.0021071 
0018276]. 0021121 


- 0018321] .0021171 
- 0018367) .0021221 


0018412). 0021271 


- 0018458}. 0021321 
+ 0018503). 0021371 
- 0018549]. 0021421 


- 0018594! . 0021471 
- 0018639]. 0021521 





- 0018685}. 0021571 


0018731}. 0021622 


0019008} 0021927 


- 0019054]. 0021977 
- 0019101}. 0022028 


0019147] . 0022079 
0019194). 0022131 


0019241]: 0022182 


- 0019287] , 0022233 
- 0019334], 0022285 
- 0019381] . 0022337 
- 0019428). 0022388 


0019475) .0022440 


- 0019522]. 0022492 
- 0019569] . 0022544 
- 0019617). 0022596 





0019664]. 0022648 
- 0019712). 0022700 


- 0019759] . 0022752 
- 0017084]. 
- 0017127]. 0019855). 
- 0019903}. 0022909 
- 0019950}. 0022962 


- 0019998] . 0023014 
- 0020046}. 0023067 
- 0020094) . 0023120 
- 0020142). 0023172 
- 0020190]. 0023225 


- 0020239]. 0023278 
- 0020287]. 0023331 
- 0020336] . 0023385 
- 0020384! . 0023438 
- 0020432]. 0023491 
- 0020481}. 0023544 
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Diff. 54 


- 0023544 
- 0023598 
- 0023652 
- 0023705 
- 0023759 


- 0023813 


- 0024029 
- 0024083 


- 0024301 
- 0024356 


23° 


Diff. 59 


- 0026899 
- 0026957 
- 0027016 
- 0027074 
- 0027133 


- 0027192 


: 0027368 
10027427 


- 0027487 
- 0024137). 
- 0024192), 
- 0024246). 
- 0027724 


- 0027784 


- 0024410). 0027844 


- 0024465 
- 0024520 
- 0024575 


- 002463 

- 0024685 
- 0024740 
- 0024795 
- 0024850 


- 0024906 


- 0025128 
- 0025184 


: 0025409 


+ 002546 
- 0025521 
- 0025578 
. 002563: 
- 0025691 


- 0025747 
- 0025804 
- 0025861 
- 0025918 
- 0025975 


- 0026032). 
- 0029675 
- 0029738 
. 0026204], 
- 0029863 


- 0029925 


- 0026089 
- 0026146 


, 0026261 
. 0026319 


10026550 


- 0026666 
+ 0026724 


- 0026782}. 


- 0026840 
. 0026899 








- 0027903 
- 0027963 
- 0028023 


0} . 0028084 
- 0028144 


1028204 


+ 0028872 
10028933 
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- 0029056 
- 0029118). 
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- 0029241 


. 0029303 
- 0029365 
- 0029427 
- 0029489 
- 0029551 
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: 0030177 
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- 0030493}. 
- 0030556 
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- 0030556} . 
- 0030620} . 
. 0030684]. 
- 0030748} . 
. 0030811 


- 0030875 
. 0030939 
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- 0031068}. 
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- 0031261 
- 0031326 
- 0031390 
- 0031455 


- 0031520 
. 0031585 
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- 0031715 
- 0031780 


- 0031845 
- 0031911 
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- 0028264] . 0032042 
- 0028325 


- 0028385 
- 0024961). 
- 0025017). 
- 0025073}. 
- 0028628 


- 0028689 


- 0032107 


- 0032173 
- 0032239 
- 0032305 
- 0032371 
- 0032437 
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- 0032902 


- 0033103 


- 0033170 
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- 0033439 
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+ 0033710 
: 0033778 
. 003384: 
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0034119 


- 0034187 


- 0034531 
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0034531 


- 0034808 


- 0034877 
- 0034946 
- 0035016 


0035085 


- 0035156 


+ 0035225 
- 0035295 
- 0035365 
- 0035435 
- 0035505 


- 0035576 
- 0035646 
- 0035716 
- 0035787} . 
- 0035857 


- 0035928 
. 0035999 
- 0036070 
- 0036141 
- 0036212 


- 0036283 
. 0036355 
- 0036426 
. 0036498 
- 0036569 


- 0036641 


. 0036928 


- 0037001 
. 0037073 
- 0037145 
. 0037218 
. 0037290 


- 0037363 
- 0037436 
- 0037508}. 
- 0037581 
- 0037654 


- 0037727 
- 0037801}. 0042366 
- 0037874 
- 0038947 
- 0038021 


6| .0038094| . 
. 0038168 
. 0038242 
- 0038315 
- 0038389 


- 0038463 
- 0038538 
- 0038612 
- 0038686 
- 0038760) 
- 0038835 





Diff. 75 


. 0038835 
- 0038910} . 
- 0038984 
- 0039059 
- 0039134 


- 0039209 
- 0039284! . 
- 0039359}. 
- 0039434] . 
- 0039509 


- 00395: 
- 0039661). 0044 
- 0039736 
. 0039812 
- 0039888 


- 0039964). 004469. 
- 0040040 
- 0040116 


0040192 


- 0040269 


- 0040345 
- 0040422 
- 0040498} . 
- 0040575 
- 0040652 


- 0040729 
- 0040806} . 
- 0040883} . 
- 0040960}. 
- 0041037 


- 0041115 
- 0041192). 
- 0041270). 
- 0041348}. 
- 0041425) . 0046272 


- 0041503}. 
10041581]: 0 
- 0041659}. 
- 0041738}. 
- 0041816 


- 0041894 
- 0041973 


0042051 


+ 0042130 
- 0042209 


- 0042287 
+ 0042445 


- 0042524 
- 0042603 


0042683 


- 0042762 
. 0042842 
- 0042922 
- 0043001 


- 0043081 
- 0043161 
- 0043241 
- 0043321 
- 0043401 
- 0043482 














Diff. 80 


- 0043482 
004356 
- 0043642 
- 0043723 
- 0043803 


- 0043884 


i) 


% 


+0044209] : 


- 0044290 
372 


+ 0044535 
- 0044617 


8 


- 0044944) . 
- 0045027) . 


- 0045109 
- 0045191 
0045274 
0045357 
- 0045439 


- 0045522 


- 0045854 
- 0045938 


- 0046692 


- 0046776 
- 0046861 
- 0046945 
. 0047030 
- 0047114 


- 0047199 
. 0047284 
- 0047369 
- 0047454 
+ 0047539 


- 0047625 
- 0047710 
- 0047796 
- 0047882 
- 0047967 


- 0048053 
- 0048139} . 
- 0048225}. 


0048311]. 


- 0048397). 
- 0048484 











Diff. 86 


- 0048484 
- 0048570 
- 0048657 


- 0048744 
- 0048831 
- 0048918 


0043965} . 
ipeaatonl 


0049266 


0049353 
10044453]. 
0049616 
0049703 
0049791 


- 0044780). 
+ 0044862} . 


0050144 


- 0050233 
+ 0050321 
- 0050410 
- 0050499 
+ 0050587 


- 0050676 
- 0050765 


- 0050854 
- 0050944 
- 0051033 


- 0051123 
- 0051212 
- 0051302 
- 0051391 
- 0051481 


- 0051571 
- 0051661 
«0051751 
+ 0051841 
- 0051932 


- 0052023 
- 0052113 
- 0052204 
+ 0052295. 
- 0052385 


- 0052476 
- 0052567 
. 0052659 
- 0052750 
- 0052841 


- 0052933 
- 0053025 
- 0053117 
- 0053209 
- 0053300 


- 0053392 
0053485 


- 0053855 
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11 |. 0054880}. 0060704]. 0066924]. 0073553] : 0080605] | OOSSO91! | OODBO26 
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TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 1 
St eer reese Yeeros 


Min. 
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38° 


39° 


40° 


41° 
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49 


Min. 


Diff, 142 





Diff, 150 


Diff. 168 


Diff. 167 


Diff. 175 


Diff. 184 





Diff. 193 


S CANSaA SOW O 


"102846 


: 0108416 


- 0103559]. 
- 0108702 





- 0107762). 
- 0107909}. 
- 0108056}. 
- 0108203 
+ 0108351 
, 0108498 


- 0108646) . 


50109980) - 
0110129 













- 0111625 
- 0111776 
: 0111926 
- 0112077 
- 0112228 
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2). 0112984 
Pere 534 
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0119153 


- 0119310 
+ 0119467 
«0119625 
+ 0119782 


- 0120098 
0120255 





- 0120888 
«0121047 


- 0121364), 
+ 0121523 


- 0121682 


- 0112530) .0121842 
- 0112681). 
10112832| , 
- 0122320) 01321 


- 0122480), 
- 0122640) .0 
- 0122800]. 


- 0122960). 
+ 0123120). 


- 0123281 


'0123924| ‘0 


..0124085) . 
2|.0124247). 
10124408]: 
10124570]: 


10124732 
. 0124893 
10125055 
10125542 
0125705]. 


S168 
10127995]. 01 


6) .0128160 


- 0128325 


0128655 
- 0128820 


+ 0128985 
-0129151 
- 0129317 
- 0129482 


26)|.0119940) 0129648 


- 0129814 
- 012998) 
- 0180147 
- 0130313 
- 0130480 
«0180647 








- 0130647 


- 0130814], 
- 0121205]. 


: 0131316 
- 0131483}, 


0132997 
reeenee 


+ 0184692 


- 0134863), 


0135033 
- 0135204 
- 0135374. 
+ 0135545 


ceaeete 6 


56|:0136402| | 


+ 0136573 


+ 01387262 


- 0137435 
- 01387607 
0137780 
0137953 


- 0138299 


S 


+ 0188993). 


- 0139167). 


- 0139341 
+ 0189516 
- 0139690) 
- 0139864 


- 0140039 
+ 0140214 
- 0140389 
- 0140564 
- 01407289 


38126) .0 





- 0140914 


0140914. 


‘0141617 
pete 





‘ 0142499]. 


- 0142676). 
- 0142853}. 
- 0143080}. 


- 0143207), 
10143384 


+ 0143562 


-0143740). 


- 0143917 


- 0144095}, 


«0144273 
+ 0144452 


+ 0144630] . 
+ 0144809), 


+ 0144987]. 
- 0145166 


0145345 
0145524 
- 0145704 
- 0145883 
- 0146063 


- 0146243 
- 0146422 
- 0146602 
- 0146783 
0146963 


- 0147143 
- O147324 
- 0147505 


- 0147685), 













» 0151702 


10152256]. 
0152440); 


- 0152625). 


10154296]; 
+ 0154482), 


+ 0155229 
- 0155416 


10156166); 
, 0156354. 


+ 0156542). 
- 0156730). 


- 0156919}, 
- 0157107). 


- 0157296}. 
- 0157485), 
- 0157674) 
- 0157863}, 
+ 0158052}. 


- 0158241), 0169 
+ 0158431). 


+ 0158620) . 


. 0147866], 0159000] . 


0148048 


0148229]; 
+ 0148410), 
+ 0143592), 
148774), 


+ 0148956]. 
- 0138473). 
- 0128490) .0128646). 
- 0134820) . 


0149635 


0149368 
+ 0150050 
- 0150233 
«0150417 
+ 0150600 


- 0150783}. 
- 0150967}. 


-O151151 
- 0151334 
+ 0151518 
«0151702 





£0160908} ; 


-0161099}. 


0161291]. 
- 0161483). 


- 0161675}. 
- 0161867). 


0162060} . 
0162252). 
- 0162445 


- 0162638). 


- 0162831). 
+ 0163024), 










- 0163024 
- 0163217 
- 0163411 
0163604 
0163798 


0163992 
- 0164186 


10164769 


2). 0164963 


- 0165158 
- 0165353 
- 0165548 
0165744 


iorernee 


+ 0166722 
- 0166918 


0167705 
. 0167902 


016869 1 
renee 
0169483 
0169681 
879 
170277 
170476 
170675 
T0874 


1 
171073 
171278 
1 
1 


x 
So 
25 
Q 
= 


Socé eese9 Sece 


0173680 
0173881 


0174891 


RPONKO CHONG SONWKO 


Ree 


_ 
on 


16 





50 


TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 1 





Min. 





BOWS OWI morons | 


14 











43° 


Diff. 202 


44° 


Diff. 212 


45° 


Diff. 221 


46° 


Diff. 231 


472 


Diff. 241 





- 0174891 


- 0175094! . 
- 0175296} . 


- 0175499] . 
- 0175702). 


- 0175905 
- 0176108 
- 0176312 
-0176515 
-0176719 


- 0176923 


- 0177127). 


-0177331 
- 0177536 
-0177740 


- 0177945 


0178765 
+ 0178970 


- 0179176]. 
- 0179382), 


- 0179588}. 
- 0179794 


- 0180000 
- 0180206 


0180413]; 
-0180620}. 


- 0180826 


- 0181033 
- 0181241 
- 0181448 
- 0181655 
- 0181863 


- 0182071 
- 0182279 
- 0182487 
- 0182695 
- 0182903 


- 0183112 


- 0183321]. 
- 0183530). 
- 0183739], 


- 0183948 
- 0184157 


+ 0184367 
- 0184577 
- 0184786 


. 0184996 


- 0185207 


0186049 


- 0186260 


10187317]. 








- 0187317 


0188165). 
+ 0188378 


- 0188591), 


- 0188804 
- 0189017 
- 0189230 
+ 0189443 
- 0190084]. 
+ 0190298 
-0190512 
-0190726 
- 0190941 
-0191155 
-0191379 
- 0191585 
0192231). 
-0192446 


- 0192662 


- 0193526 
. 0193743 


0189657]. 
-0189870]. 


- 0200313}. 
+ 0200535} . 


- 0200756 
3} .0200978 
0201200 
- 0201422 
- 0201867 
- 0202090 
-0202312 


«0202535 


$0203429 


-0203653 
. 0203877 
- 020410 


0201644). 
-0215515}. 


213892 
214123 
- 0214355 


- 0214586}. 


- 0214818 


-0215050 
0215282 


- 0215747 


- 0216213 
- 0216446 


0217146 
-0217379 


-0217613). 


101}.0217847 


+ 0204325 
+ 0204549 


-0204774 
+ 0204999 
+ 0205224 


0205449} . 02 


- 0205674 
- 0205899 


- 0206125). 
+ 0206351). 


- 0206577] . 
- 0206803} . 


-0207029 


- 0193960] .020 


- 0194176 


- 0194393]. 


-0194611 
- 0194828 


- 0195045}. 02 


- 0195263 
- 0195481 
+ 0195699 


- 0195917 


- 0196791 
-0197010 


+ 0197229). 
- 0197448). 
. 0197668} . 


+ 0197887 
- 0198107 


+0198988 


+ 0199208 
-0199429 
-0199650 
+ 0199871 
- 0200092 
0200313 





-0207935 
- 0208163 
08390 
- 0208617 
0208845 
+ 0209072 


- 0209300 


- 0210213 
- 0210442 


10211358]: 
- 0211588 





10212508 


- 0212738 
. 0212968 
- 0213199 
- 0213430 
- 0213661 
- 0213892 


- 0218081 
- 0218316 


+ 0218550 


- 0218785). 
02 


re 
oO 
o 
= 
oO 


- 0219490 
- 0219725 


0220668 


+ 0220904 
- 0221140 
- 0221377 
- 0221613 
- 0221850 


. 0222087 
- 0222324 
+ 0222562 
- 0222799 
+ 0223037 


+ 0223275 
- 0223513 
+ 0223751 
- 0223989 
- 0224227 


+ 0224466 
- 0224705 


- 0225183} . 0% 


0225422 
- 0225662 


- 0226381 
- 0226622 


- 0226862 
- 0227102 
- 0227343 
- 0227584 
- 0227825 
- 0228066 





- 0228066 
- 0228307 
+ 0228549 


0228791). 


+ 0229033 


+0229275 
+ 0229517 


0229759 


- 0230002 
- 0215980} .0230244 


- 0230487 
- 0230730 
- 0230974 
- 0231217 
- 0231460 


- 0231704 


0231948). 


+ 0232192 
- 0232436 
- 0232681 


- 0232925 


0233170}. 
. 0233415}. 


- 0233660 
- 0233905 


.0234151 


10234888 
10235134 


. 0235380 
- 0235627 


0235873 


+ 0236120 
- 0236367 


0236614 


- 0236861 
+ 0237109 
- 0237356 
- 0237604 


+ 0237852 
+ 0238100 


° 


0238349 


+ 0238597 
- 0238846 


0239095 


- 0239344 
. 0224944] , 


. 0240092 


- 0240341 
- 0225902). 
- 0226141). 
+ 0241091 
- 0241342 


- 0241592 
. 0241843 
- 0242094] . 0257464] .0273464 
- 0257725) . 0273736 


+ 0242345 
- 0242596 
- 0242848 





48° 


Diff. 251 


- 0242848 
. 0243099 
- 0243351 
0243603 
10243855 


0244107 


+ 0244360]. 
- 0244612). 


- 0244865}. 
- 0245118}. 


- 0245371 


- 0244624}. 
- 0245878}, 


0246131). 
+ 0246385 


. 0246639 
0246893 
- 0247148 
. 0247402 
+ 0247657 


- 0247912 


- 0248677 
- 0248933 


- 0249189 
- 0249445 


- 0249701]. 
- 0249957]. 


- 0250213 
- 0250470 


- 0250727]. 
- 0250984]. 


- 0251241). 
+ 0251498 


- 0251755). 
0252013 
- 0252271]. 
- 0252529 
. 0252787]. 


- 0253045 
- 0253304 
- 0253563 
+ 0253821 
+ 0254080 


+ 0254340 
- 0254599 
- 0254858 


- 0255118}, 


- 0255378 


- 0255638 
- 0255898 
- 0256159 
- 0256419 
- 0256680 


- 0256941 
- 0257202 





49° 


Diff. 262 


- 0258248 
- 0258510 
- 0258773 
- 0259035 
- 0259298 


- 0259560 


0260613 
- 0260876 


- 0261933 


- 0262197 
- 0262462 
- 0262726 
. 0262991 
- 0263257 


3522 
- 0263788 
- 0264053 
: 0264319 
- 0264585 


- 0264851 
- 0265118 


- 0265918 
- 0266185 


- 0267255 


0266523 
- 0267791 
0268060 
$ 0268328 
0268597 


- 0268866 
- 0269135 
- 0269404 
- 0269674 
- 0269943 


- 0270213 
- 0270483 
- 0270753 

0271023 
+ 0271294 


+ 0271565 
- 0271835 
- 0272106 
+ 0272378 
+ 0272649 


- 0272921 
- 0273192 


- 0257987). 0274009 
- 0258248} .0274281 


a (ED ee KOO 


Min. 


| 


RO COYNOM PWNRO 


iad 


TABLE XXB.—ARC MINUS 


50° 





CHORD WHEN RADIUS = 





51° 52° 





53° 


Diff. 272 


. 0274281 
- 0274554 
- 0274826 
- 0275099 
- 0275373 


- 0275646 


: 0276741). 
0277015 


10278114 


- 0278389 
- 0278665). 
- 0278940]. 
- 0279216). 
- 0279492). 


- 0279768}. 
- 0280044 





: 02808741. 


- 0281151 
- 0281428), 
- 0281705}. 
- 0281982). 
- 0282260 


. 0282538]. 
| 0282816]. 
10283651 
0283930 


10285047 
. 0285326 


10286447 


- 0286727 
- 0287008]. 03041 

- 0287289] . 0304478 
. 0287570 
- 0287851 


- 0288133 
- 0288414 
- 0288696 
. 0288978 
. 0289260 


- 0289543 


+ 0290957]. 












Diff. 283 





Diff. 294 


Diff. 306 


54° 


55° 


51 


Min. 





Diff, 317 


Diff. 329 


























- 0290957]. 0308289 
- 0291241). 
- 0291524], 
- 0291808]. 
- 0292092 


- 0292376 


- 0309468 
- 0309763 


- 0293515}. 


- 0293800 
- 0294085 
- 0294371 
- 0294656 
- 0294942 


- 0295228 


: 0310946 
- 0311242 


- 0312429 
- 0312726 


- 0313916 


-0314214 
- 0314512 
- 0314811 
- 0315109 
- 0315408 


- 0315707 


-0297811 
+ 0298098 


- 0316605 
- 0316905 


- 0317205 
- 0317505 
- 0317805 
+03 8} .0318106 
- 0300697]. 0318406 


- 0300987] . 0318707 
- 0301277]. 0319008 
. 0301567 
- 0301857 
- 0302148 


- 0302438 
- 0302729}. 
: 0303020] 
- 0303311]. 
- 0303603}. 


- 0303894 
86 


- 0319912 
- 0320214 


0321423 
- 0321726 


03047701, 
: 0305062]: 0322938 


- 0305355] . 0323242 
- 0305647). 0323546 
+ 0305940}. 0323850 
- 0306233). 0324154 
- 0306526]. 0324458 


- 0306820). geek 


0308289] : 0326289 





- 0326289 


10327513 


- 0327819 
- 0328126}. 
- 0328433}. 
- 0328740]. 
- 0329047 


- 0329355 
- 0311539]. 
- 0311835}. 
- 0312132]. 
- 0330586 


- 0330895 
- 0313023). 
- 0313321]. 
- 0313618}. 
- 0332130 


+ 0332439 
- 0332749) . 
- 0333058} . 
- 0333368]. 
- 0333678 


- 0333989 
- 0316006]. 

- 0316306]. “ 
- 0334921). 
- 0335232 


- 0335543 
- 0335854]. 
- 0336166]. 
- 0336478}. 
- 0336790 


- 0337102 
- 0337414 
- 0319309]. 
- 0319611]. 
- 0338352 


- 0338665 
. 0338979 
- 0339292 
- 0339606 
- 0339920 


- 0340234 
- 0340548} . 
- 0340863). 
- 0341177]. 
- 0341492 


- 0341807]. 036 
- 0342122 
- 0342438 
- 0342753 
. 0343069 


0343385 


50344968 





- 0344968 


0346238 
0846556 


- 0347829 
- 0348148 


50349426 
. 0349745 


| 0351027 
0351347 


- 0352633 
+ 0352954 


+ 0354243 
- 0354566 


- 0355859 


- 0356183 
- 0356507 
- 0356831 
- 0357155 
- 0357479 


- 0357804 
- 0358129] . 
- 0358454). 
- 0358779]. 
- 0859105 


- 0359431]. 


- 0360735 


1062 





- 0364339]. 


0365655]. 


- 0365984]. 
- 0366314). 
- 0366644, . 
- 0366974! . 
- 0367305 


- 0367635). 


0368959}. 
. 0369291]. 


0370619]. 


- 0370951). 
- 0371284! 
-0371617]. 
- 0371950). 
- 0372283). 


- 0372617] . 
- 0372950). 
- 0373284! . 
- 0373618]. 
- 0373952). 


- 0374287]. 
- 0374622). 
+ 0374957]. 
- 0375292). 
- 0375627] . 0: 


- 0375962]. 
- 0376298}. 
+ 0376634] . 
. 0376970]. 
- 0377306] . 


- 0377642). 


0378990] - 


0379327] . 
- 0379665). 
- 0380003}. 
- 0380341). 
- 0380679] . 


- 0381018}. 
- 0361389]. 
- 0361716]. 
- 0362043 
- 0362370 


- 0362698 
- 0363026 
- 0363354 
- 0363682 
- 0364010 
- 0364339 


103820341: 
0382373). 


- 0382713]. 
- 0383052} . 
- 0383392}. 
- 0383732} . 
- 0384072 

- 0384413}. 











OBNATN PWHEO 









































52 ‘TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 1 
Min;| 57° 58° 59° 60° 61° 62° 63° | Min. 
Diff. 352] Diff. 365] Diff. 378| Diff. 390) Diff. 402} Diff. 415) Diff. 429 

0405202] . 0426717]. 0448971! 9471975] . 0495742! . 0520280] . 0545603 0 

? miter . 0427082]. 0449349] . 0472365] .0496144| . 0520696) . 0546032 1 
2 {|.0405907]. 0427447]. 0449726]. 0472755 . 0496547]. 0521111].0546461 2 
3° |. 0406260]. 0427812]. 0450104]. 0473145]. 0496950]. 0521527). 0546890 3 
4 |.0406613]. 0428178]. 0450482]. 0473536] .0497353) . 0521944). 0547319 4 
5 |.0406967]| . 0428543] . 0450860] . 0473927) .0497757]| . 0522360]. 0547749 5 
6 |.0407320] . 0428909]. 0451238] . 0474318] .0498160]. 0522777). 0548179 6 
7 |.0407674|. 0429275]. 0451616]. 0474709] . 0498564). 0523194). 0548609 v6 
8 |.0408028]. 0429642) .0451995).0475100}. 0498968). 0523611).0549039 8 
9 |.0408382]. 0430008] . 0452374). 0475491]. 0499372). 0524028). 0549470 9 
10 }|.0408737|.0430375|.0452753].0475883]. 0499777]. 0524446|.0549901| 10 
11 |.0409091]. 0930742). 0453132]. 0476275]. 0500182]. 0524863).0550332| 11 
12 |.0409446]. 0431109]. 0453512). 0476667]. 0500586] . 0525281)}.0550763} 12 
13 |.0409801|. 0431476] . 0453892] .0477060| . 0500992}. 0525700|.0551194] 13 
14 |.0410156|. 0431844] 0454272]. 0477452]. 0501397|.0526118].0551626| 14 
15 |.0410512].0432211].0454652). 0477845). 0501803) .0526537|.0552058] 15 
16 |.0410867| . 0432579! . 0455032]. 0478238] .0502209].0526956|.0552490] 16 
17 |.0411223].0432947].0455412|. 0478631]. 0502615].0527375).0552922| 17 
18 |.0411579]. 0433316] .0455793].0479025]. 0503021]. 0527794|.0553355| 18 
19 |.0411936]. 0433684! .0456174|.0479418].0503427|.0528213).0553787| 19 
20 |.0412292].0434053] . 0456555] .0479812] . 0503834) .0528633].0554220} 20 
21 |.0412649]. 0434422] .0456937] . 0480206] .0504241].0529053/.0554654| 21 
22 |.0413006].0434791].0457318] .0480600] . 0504648] .0529473)|.0555087| 22 
23 |.0413363].0435160].0457700] .0480995]. 0505056}. 0529894|.0555521) 23 
24 |.0413720].0435530). 0458082] .0481390].0505463)}.0530314].0555955| 24 
25 |.0414077|. 0435899] . 0458465] .0481785]. 0505871). 0530735|.0556389| 25 
26 |.0414435]. 0436269]. 0458847) .0482180]. 0506279]. 0531156}.0556823] 26 
27 |.0414793] .0436640]. 0459230] . 0482575]. 0506687]. 0531578|.0557258| 27 
28 |.0415151].0437010}. 0459613}. 0482971] .0507096].0531999|.0557692| 28 
29 |.0415509].0437381].0459996] . 0483367]. 0507504|. 0532421].0558127| 29 
30 |.0415868].0437751] .0460379] . 0483763]. 0507913]. 0532843].0558563] 30 
31 0416227] . 0438122). 0460763) . 0484159]. 0508322] .0533265).0558998] 31 
32 0416585]. 0438494]. 0461146]. 0484555]. 0508732) .0533687|.0559434}] 32 
33 |.0416944]. 0438865]. 0461530]. 0484952].0509141].0534110].0559869] 33 
34 |.0417304].0439237|.0461914| .0485349].0509551].0534533].0560305|] 34 
35 |.0417663] . 0439608]. 0462299] . 0485746]. 0509961]. 0534956].0560742] 35 
36 0418023]. 0439980]. 0462683] . 0486143]. 0510371].0535379].0561178| 36 
37 0418383]. 0440353]. 0463068] . 0486540] .0510782]. 0535802|.0561615| 37 
38 |.0418743]. 0440725]. 0463453]. 0486938].0511192]. 0536226] .0562052| 38 
39 |.0419103). 0441098] . 0463838] . 0487336] .0511603).0536650|.0562489| 39 
40 |.0419464].0441471]. 0464223]. 0487734]. 0512014]. 0537074]|.0562926] 40 
41 |.0419825]. 0441844]. 0464609]. 0488132].0512425].0537499|.0563364| 41 
42 |.0420185]. 0442217]. 0464995]. 0488531). 0512837]. 0537923)|.0563802| 42 
43 |.0420547|. 0442591]. 0465381]. 0488929]. 0513248]. 0538348|.0564240| 43 
44 |.0420908]. 0442964! . 0465767]. 0489328]. 0513660|.0538773|.0564678| 44 
45 |.0421269]. 0443338]. 0466154]. 0489728] .0514072|.0539198].0565117| 45 
46 |.0421631].0443712]. 0466540]. 0490127]. 0514484|.0539624|.0565556| 46 
47 |.0421993]. 0444087]. 0466927). 0490527|.0514897].0540049|.0565995| 47 
48 |.0422355]. 0444461]. 0467314]. 0490926]. 0515310). 0540475|.0566434| 48 
49 |.0422718].0444836|.0467702| . 0491326]. 0515723] .0540901|.0566873] 49 
50 |.0423080}. 0445211]. 0468089]. 0491727]. 0516136. 0541328].0567313| 50 
51 |.0423443) . 0445586]. 0468477|. 0492127]. 0516549]. 0541754|.0567753| 51 
52 |.0423806]. 0445961]. 0468865] . 0492528 . 0516963]. 0542181].0568193) 52 
53 |.0424169] . 0446337]. 0469253] . 0492929] . 0517377|. 0542608). 0568633] 53 
54 |.0424533). 0446712]. 0469641]. 0493330) .0517791). 0543035 -0569074| 54 
55 |.0424896]. 0447088]. 0470030). 0493732]. 0518205|.0543462|.0569515| 55 
56 |.0425260]. 0447465] . 0470418]. 0494133]. 0518620]. 0543890 . 0569956] 56 
57 |.0425624). 0447841]. 0470807]. 0494535]. 0519034). 0544318 .0570397| 57 
58 |.0425988]. 0448218]. 0471196]. 0494937]. 0519449]. 0544746 . 0570838] 58 
59 |.0426353]. 0448594]. 0471586]. 0495339]. 0519865]. 0545174 .0571280} 59 
60 |.0426717]. 0448971]. 0471975]. 0495742 . 0520280]. 0545603|.0571722| 60 














eee 


TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 1 


53 




















Min. 64° 65° 66° 67° 68° 69° 70° 

Diff. 442) Diff. 456} Diff. 469] Diff. 483) Diff. 497] Diff. 512) Diff. 526 

0 |.0571722) . 0598648} . 0626393] 0654966]. 0684381]. 0714647] .0745776 
1 |.0572164]. 0599104} . 0626862] . 0655450] . 0684878] . 0715159] .0746302 
2 |.0572606] . 0599559] . 0627332] . 0655933) . 0685376] . 0715671] .0746828 
3 |.0573049]. 0600016] . 0627802). 0656417]. 0685874] . 0716183]. 0747355 
4 |.0573492]. 0600472). 0628272). 0656901) . 0686372] . 0716696] . 0747882 
5 |.0573935] . 0600929] . 0628742]. 0657385] . 0686871]. 0717208] .0748409 
6 |.0574378] . 0601385] .0629212]. 0657870] . 0687369]. 0717721) . 0748937 
7 |.0574822]. 0601842]. 0629683]. 0658354) . 0687868} .0718234|. 0749464 
8 |.0575265}. 0602300]. 0630154]. 0658839}. 0688367] . 0718748] . 0749992 
9 |.0575709|. 0602757}. 0630625]. 0659324). 0688866]. 0719261].0750520 
10 |.0576153]. 0603215]. 0631097]. 0659810} . 0689366) .0719775].0751049 
11 |.0576598] . 0603673} . 0631568]. 0660296] . 0689866] . 0720289). 0751577 
12 |.0577042]. 0604131}. 0632040]. 0660781] . 0690366] .0720804| . 0752106 
13 |.0577487|. 0604590] . 0632512]. 0661268] . 0690866] .0721318| . 0752635 
14 |.0577932} .0605048] . 0632985} . 0661754] .0691367]. 0721833] .0753165 
15 |.0578377]. 0605507). 0633457] . 0662241]. 0691867]. 0722348] .0753694 
16 |.0578823}. 0605966 . 0633930] . 0662727). 0692368] . 0722864] 0754224 
17 |.0579268]. 0606425}. 0634403] . 0663215] . 0692870] . 0723379] .0754754 
18 |.0579714]. 0606885) . 0634877]. 0663702) . 0693371). 0723895] .0755284 
19 |.0580160) . 0607345) . 0635350}. 0664189] . 0693873] .0724411).0755815 
20 |.0580607] . 0607805) . 0635824) . 0664677]. 0694375] .0724927|.0756346 
21 |.0581054]. 0608265) . 0636298] . 0665165). 0694877). 0725444! 0756877 
22 |.0581500} . 0608725] . 0636772] .0665653] . 0695379) . 0725960] . 0757408 
23 |.0581948] . 0609186]. 0637247). 0666142]. 0695882) . 0726478) .0757940 
24 |.0582395]. 0609647). 0637722) . 0666630) . 0696385] . 0726995] . 0758472 
25 |.0582843]. 0610108]. 0638196] .0667119} . 0696888] . 0727512] . 0759004 
26 |.0583290]. 0610569]. 0638672). 0667609] .0697391} . 0728030] . 0759536 
27 |.0583738]. 0611031]. 0639147] .0668698] . 0697895] .0728548] . 0760068 
28 |.0584187). 0611493). 0639623] .0668588] .0698399] .0729066| . 0760601 
29 |: 0584635]. 0611955]. 0640099] : 0669078) . 0698903] .0729584| . 0761134 
30 |.0585084]. 0612417]. 0640575] .0669568) . 0699407) .0730103]. 0761667 
31 |.0585532]. 0612880). 0641051 *felpese - 0699912}. 0730622) .9762201 
32 |. 0585982). 0613342]. 0641528]. 0670549) .0700416]. 0731141] .0762735 
33 |.0586431]. 0613805). 0642004 “9871040 - 0700921}. 0731661) . 0763269 
34 |.0586880]. 0614269]. 0642481]. 0671531) .0701427] .0732180].0763803 
35 |. 0587330]. 0614732] 0642959] . 0672022) . 0701932] 0732700) . 0764337 
36 |.0587780}. Gerace - 0643436]. 0672513] . 0702438] . 0733220] 0764872 
37 |.0588230]. 0615659]. 0643914! . 0673005) . 0702944! . 0733741). 0765407 
38 |.0588681). Oeleis4 . 0644392). 0673497] . 0703450] . 0734261) . 0765942 
39 |.0589131]|. 0616588]. 0644870] . 0673989] .0703956| . 0734782) .0766477 
40 |.0589582]. 0617052]. 0645349]. 0674482) .0704463) . 0735303]. 0767013 
41 |.0590033]. 0617517]. 0645827]. 0674975] . 0704970) . 0735825] .0767549 
42 |.0590485]. 0617982]. 0646306]. 0675468) . 0705477] .0736346) . 0768085 
43 |.0590936]. 0618448]. 0646786]. 0675961) . 0705985}. 0736868) . 0768622 
44 |.0591388]. 0618913]. 0647265] .0676454! . 0706492) .0737390) .0769158 
45 |.0591840]. 0619379]. 0647745] . 0676948]. 0707000|.0737912). 0769695 
46 |.0592292]. 0619845]. 0648224] . 0677442! . 0707508) .0738435). prrees 
47 |.0592745]. 0620311]. 0648705) . 0677936] . 0708017] . 0738958) .0770770 
48 |! 0593197]. 0620777]. 0649185]. 0678430] 0708525]. 0739481] 0771307 
49 |.0593650]. 0621244! . 0649665]. 0678925) .0709034/.0740004 0771845 
50 |.0594104]. 0621711|.0650146]. 0679419] . 0709543) . 0740528) . 0772383 
51 -|.0594557]. 0622178]. 0650627]. 0679914/ .0710053] . 0741051] . 0772922 
52 |.0595011|. 0622645]. 0651108]. 0680410}. 0710562) .0741575). 0773460 
53 |.0595465]. 0623113]. 0651590}. 0680905]. 0711072) . 0742099] .0773499 
54 |.0595919]. 0623581). 0652071). 0681401) .0711582) .0742624).0774538 
55 |.0596373]. 0624049]. 0652553]. 0681897] . 0712092). 0743149]. 0775077 
56 |. 0596827]. 0624517]. 0653035) . 0682393]. 0712603) . 0743674| .0775617 
57 |.0597282|. 0624986]. 0653518]. 0682890]. 0713114). 0744199]. 0776157 
58 |.0597737|. 0625454]. 0654001). 0683387]. 0713625] . 0744724] .0776697 
59 |.0598192]. 0625923]. 0654483) . 0683884). 0714136]. 0745250] .0777237 
60 |.0598648]. 0626393}. 0654966]. 0684381). 0714647). 0745776] . 0777778 





SSS 








m s 
CS OCONMOM PWNS 5 
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54 TABLE XXB.—ARC MINUS CHORD WHEN RADIUS = 
Min. 71° 72° 73° ‘Tae 75° 76° REP Min. 
Diff. 541} Diff. 555) Diff. 570) Diff. 586] Diff 601] Diff. 617} Diff. 633 

; . 0810665}. 0844448} .9879136]. 0914741) .0951273). 0988742 0 

? “Orresi9 . 0811221]. 0845018]. 0879722]. 0915342) .0951890).0989375 1 
2 |.0778861|. 0811777|.0845589]. 0880308] .0915943). 0952507) .0990008 2 
3 |.0779402|. 0812333]. 0846160}. 0880894]. 0916545}. 0953124).0990641} 3 
4 |.0779943| 0812890]. 0846732) .0881481)}.0917147].0953742).0991274, 4 

i 485]. 0813446]. 0847303}. 0882067}.0917749].0954359|.0991907) 5 

4 Oys10371. . 0814003}.0847875] . 0882654). 0918352]. 0954977) .0992541 6 
7 |.0781570| . 0814560] . 0848447) .0883242)|.0918954 0955596]. 0993175] 7 
8 |.0782112].0815118]. 0849019}. 0883829}.0919557).0956214|.0993810) 8 
9 |..0782655] . 0815675]. 0849592). 0884417|.0920161).0956833).0994444) 9 
10 |: 0783198] .0816233]. 0850166]. 0885006). 0920764) .0957452|.0995079| 410 
11 |.0783741|.0816792|.0850739| .0885595). 0921368] ,0958072).0995714) 41 
12 |.0784285] . 0317350} .0551312| . 0886183] .0921972|.0958691).0996350| 12 
13 |.0784829] . 0817909}. 0851886] . 0886772) .0922576|.0959311!.0996985| 13 
14 |.0785373] . 0818467}. 0852460}. 0887361). 0923181).0959932).0997621) 14 
15 |.0785917| . 0819027]. 0853034). 0887950}. 0923786|.0960552}.0998257| 15 
16 |.0786462]. 0819586). 0853608). 0888540}. 0924391).0961173)].0998894) 16 
17 |.0787006] . 0820146] , 0854183] . 0889130]. 0924996]. 0961794|.0999530| 17 
18 |.0787552).0820705|. 0854758] . 0889720} .0925602|.0962415). 1000167) 18 
19 |.0788097]. 0821266! . 0855333}. 0890310}. 0926208}. 0963037).1000805| 19 
20 |.0788642). 0821826] 0855909]. 0890902). 0926814) .0963658). 1001442! 20 
21 |.0789188] . 0822387). 0856485] .0891493). 0927421). 0964280|.1002080} 21 
22 |.0789734| .0822947|. 0857061). 0892084! .0928028).0964903).1002718| 22 
23 |.0790280}. 0823509) . 0857637}. 0892675) .0928635).0965525|. 1003356] 23 
24 |.0790827].0824070}. 0858213] .0893267)|.0929242|. 0966148]. 1003994) 24 
25 |.0791374|.0824632] . 0858790} . 0893859] . 0929849). 0966771}. 1004633) 25 
26 |.0791921).0825193} .0859367 Dit 0b + 0930457) .0967395).1005273| 26 
27 |.0792468] .0825756] . 0859944! . 0895044) . 0931065). 0968018}.1005912| 27 
28 |.0793015].0826318).0860521 0895036 - 0931673). 0968642]. 1006552) 28 
29 |.0791563] . 0826881]. 0861099| 0896229] . 0932281]. 0969266]. 1007192] 29 
30 |.0794111].0827444) . 0861678] .0896823] .0932890]. 0969889}. 1007832| 30 
31 |.0794659}. 0828007] . 0862256). 0897417). 0933499] .0970514}. 1008473} 31 
32 |.0795208] . 0828571} . 0862834} .0898010}.0934108).0971139|.1009113| 32 
33 |.0795756] . 0829134 . 0863413} .0898604|.0934718).0971764|.1009754) 33 
34 |.0796305] . 0829698) . 0863992! . 0899198) .0935328)].0972390}.1010396| 34 
35 |.0796855) . 0830262) .0864571).0899793).0935938].0973015|.1011037| 35 
36 |.0797404/ . 0830827] .0865151).0900388] . 0936548). 0973641|.1011679| 36 
37 |.0797954| . 0831391] .0865730|. 0900983). 0937158}. 0974268|.1012321| 37 
38 |.0798504| . 0831956]. 0866310}. 0901578] .0937769].0974894|.1012963] 38 
39 |.0799054). 0832521) . 0866890} . 0902173) .0938380|.0975521|.1013605| 39 
40 |.0799604| . 0833087). 0867472}. 0902770} .0938992|.0976148]. 1014248] 40 
41 |.0800155} .0833653] . 0868053} . 0903366] .0939603).0976775|.1014891| 41 
42 |.0800706] . 0834219]. 0868634 . 0903962) .0940215].0977403|.1015535] 42 
43 |.0801257| . 0834785] . 0869215) .0904559] .0940827].0978031|.1016178] 43 
44 |.0801809) .0835351) . 0869796}.0905156| .0941440|.0978659].1016822| 44 
45 |.0802360}. 0835918] . 0870378]. 0905753} .0942052|.0979287).1017466| 45 
46 |.0802912).0836485] . 0870960]. 0906350). 0942665 eee aie 1018111) 46 
47 |.0803464) .0837052| . 0871542) .0906947| , 0943278). 0980544). 1018755| 47 
48 |.0804017].0837619}.0872124).0907545].0943892). 0981174). 1019400] 48 
49 |.0804569}.0838187].0872707|.0908143] .0944505|,0981803}. 1020045] 49 
50 |.0805123).0838755]. 0873291}. 0908742],0945119|.0982432|.1020691| 50 
51 oe onee - 0839323] . 0873874) .0909341}. 0945734). 0983062). 1021337] 51 
52 |.0806229}. 0839891}. 0874458). 0909940}. 0946348]. 0983692].1021983] 52 
53 |.0806783] . 0840460) . 0875042]; 0910539] . 0946963] . 0984323] . 1022629] 53 
54 |.0807337| 0841029] : 0875626] . 0911138] .0947578| . 0984953) . 1023276 54 
55 |.0807891) 0841598! .0876210}..0911738] 0948193]. 0985584]. 1023922] 55 
56 |.0808445). 0842167]. 0876794}. 0912338]. 0948808]. 0986216]. 1024569] 56 
57 |-0809000} . 0842737]. 0877379] . 0912938]. 0949424]. 0986847|. 1025216] 57 
58 |.0809555) . 0843306] . 0877964). 0913538] .0950040}. 0987479}. 1025864] 58 
59 |.0810110). 0843877). 0878549] .0914139] .0950656|. 0988111]. 1026512] 59 
| 60.2}. 0810665}. 0844448). 0879136] .0914741]. 0951273]. 0988742]. 1027160] 60 





TABLE XXB.—ARC MINUS CHORD WHEN RADIUS=1 55 





- 1027160]. 1066537}. 1106882). 1148206). 1190519}. eee: 1278154 
- 1027809 eon pes + 1148903} : 1191233]: 1234 - 1278901 
- 1028457] . 10678: : - 1191947). 12352931, 1279648 
- 1029106}. 1oesssi|, “1108028 + 1150298). 1192661). 1236024) . 1280396 
- 1029756]. 1069196] . 1109606] . 1150996] . 1193375]. 1236755] . 1281144 


0 0 
, 1 
2 

3 3 
4 4 
5 |.1030405]. 1069862]. 1110288]. 1151694]. 1194090]. 1237486|.1281892] 5 
6 |.1031055}. 1070528] . 1110970]. 1152393] . 1194805]. 1238218|.1282641] 6 
‘ - 1031705]. 1071194). 1111652]. ee 1195520] . 1238950} . 1283390 ‘ 
9 9 
10 0 
11 1 
12 2 
13 3 


8 
& 
a 
= 
is 
o 
> 
oS 
= 
8 


- 1032355]. 1071860}. 1112335]. 1153790]. 1196236]. 1239683] . 1284139 
- 1033006] . 1072527]. 1113018}. 1154490]. 1196952]. 1240415]. 1284889 


- 1033656]. 1073193]. 1113701]. 1155189]. 1197668]. 1241148].1285639| 1 

- 1034307). 1073860} . 1114384. 1155889] . 1198385]. 1241881]. 1286389] 1 

- 1034959] . 1074528}. 1115068]. 1156589). 1199101]. 1242615].1287140] 1 

- 1035610) . 1075196]. 1115752]. 1157290). 1199818]. 1243349]. 1287890] 1 
14 |. 1036262]. 1075864]. 1116436]. 1157990] . 1200536}. 1244083]. 1288641] 14 


15 |. 1036914). 1076532) . 1117121]. 1158691]. 1201253]. 1244817|.1289393| 15 
16 |.1037567]. 1077200]. 1117805] . 1159393 or -1245551|.1290144| 16 
17 }.1038219). 1077869). 1118491]. 1160094) . 1202689] . 1246286] .1290896| 17 
18 |. 1038872]. 1078538]. 1119176]. 1160796] . 1203407]. 1247021|.1291648| 18 
19 |.1039526]. 1079208]. 1119861]. 1161498] . 1204126]. 1247757|.1292400] 19 


20 |.1040179}. 1079877] . 1120547] . 1162200]. 1204845]. 1248493].1293154| 20 
21 |.1040833] . 1080547]. 1121233]. 1162903] . 1205564]. 1249229|.1293907| 21 
22 |.1041487]|. 1081217). 1121920]. 1163605] . 1206284 . 1249965] .1294660| 22 
23 |. 1042141). 1081887]. 1122606] . 1164308] . 1207003] . 1250702|.1295413| 23 
24 |.1042795]. 1082558]. 1123294]. 1165012). 1207723]. 1251439] .1296167| 24 


25 |.1043450]. 1083229]. 1123981]. 1165715] . 1208444) . 1252176]. 1296922) 25 
26 |.1044105]: 1083900]. 1124668]. 1166419] . 1209164). 1252913].1297676| 26 
27 |.1044761). 1084572). 1125356]. 1167123] . 1209885]. 1253651|.1298430| 27 
28 |.1045416}. 1085243] . 1126044. 1167828] . 1210606) . 1254389].1299185| 28 
29 |.1046072]. 1085915). 1126733]. 1168532]. 1211328] .1255127|.1299940|. 29 


30 |. 1046728). 1086587}. 1127421). 1169238] . 1212050] . 1255866]. 1300696] 30 
31 |.1047384]. 1087260}. 1128110]. 1169944) . 1212772]. 1256605]. 1301452} 31 
32 |. 1048041]. 1087933}. 1128799]. 1170649] . 1213494]. 1257344]. 1302208} 32 
33 |. 1048698] . 1088606} . 1129489) . 1171355]. 1214217]. 1258083) . 1302964] 33 
34 |.1049355]. 1089279]. 1130178]. 1172061]. 1214939]. 1258823].1303721| 34 


35 |.1050013). 1089953} . 1130868} . 1172768] . 1215662]. 1259563]. 1304478) 35 
36 |. 1050670]. 1090627] . 1131559] . 1173474] . 1216386] . 1260303|.1305235| 36 
37 |.1051328]. 1091301] .1132249].1174181]. 1217109}. 1261043|.1305993| 37 
38 |. 1051987). 1091976]. 1132940}. 1174889] . 1217833]. 1261784|.1306750|] 38 
39 |. 1052645]. 1092650] . 1133631]. 1175596} . 1218557]. 1262525)].1307509]. 39 


40 |.1053304|. 1093325] . 1134322] .1176304| . 1219283] . 1263267]. 1308267]. 40 
41 |.1053963] . 1094000) . 1135013} . 1177012). 1220008} . 1264008]. 1309026] 41 
42 |.1054622]. 1094676] . 1135705] . 1177721) . 1220733] . 1264750] .1309785| 42 
43 |.1055282|. 1095352]. 1136398] . 1178429]. 1221458]. 1265492|/.1310544| 43 
44 |.1055942]. 1096028) . 1137090}. 1179138] . 1222183}. 1266235].1311303) 44 


45 |.1056602]. 1096704). 1137783] . 1179847). 1222909]. 1266977] .1312063] 45 
46 |.1057263]. 1097381). 1138476]. 1180557) . 1223635} . 1267720] .1312823| 46 
47 |.1057923). 1098058]. 1139169]. 1181267]. 1224362). 1268464]. 1313584| 47 
48 |.1058584|. 1098735]. 1139863]. 1181977) . 1225088] . 1269207|.1314344| 48 
49 |.1059245]. 1099412). 1140556] ..1182687]. 1225815]. 1269951).1315105| 49 


50 |.1059907]. 1100090]. 1141250}. 1183398]. 1226543]. 1270696]. 1315866] 50 
51 |.1060569]. 1100768]. 1141944]. 1184109]. 1227271). 1271441].1316628| 51 
52 |.1061231]. 1101446]. 1142639]. 1184820]. 1227999]. 1272185].1317390] 52 
53 |.1061893}]..1102125]. 1143334]..1185532]. 1228727). 1272930].1318152) 53 
54 |.1062556]. 1102803). 1144029]. 1186243]. 1229455]. 1273675]. 1318914) 54 


55 |. 1063219]. 1103483]. 1144725]. 1186955]. 1230183]. 1274421).1319677| 55 
56 |. 1063882}. 1104162]. 1145420]. 1187668]. 1230912). 1275167).1320440} 56 
57 |.1064545|. 1104841). 1146116}. 1188380). 1231641]. 1275913]. 1321203) 57 
58 |. 1065209}. 1105521). 1146813}. 1189093]. 1232371|.1276659|.1321967| 58 
59 |.1065873|.1106201]. 1147509]. 1189806]. 1233102]. 1277407). 1322730] 59 
60 |. 1066537}. 1106882).1148206]. 1190519]. 1233832].1278154).1323494) 60 


. 


a | 


























56 TABLE XXB.—ARC MINUS CHORD WHEN 
Min. 85° 86° 87° 882 gge 90° 
Diff. 764] Diff. 782| Diff. 799| Diff. 817) Diff. 834] Diff. 852 
. 1323494]. 1369864]. 1417273). $465730] . 1515245). 1565828 
? . 1824259]. 1370646] . 1418072] . 1466547). 1516080]. 1566680 
2 |.1325023]. 1371428). 1418871]. 1467363). 1516914 - 1567532 
3 |.1325788]. 1372210]. 1419670]. 1468180]. 1517749]. 1568385 
4 |.1826553]. 1372993] . 1420470]. 1468998]. 1518584]. 1569238 
5 |.1327319]. 1373775]. 1421270]. 1469816]. 1519420]. 1570091 
6 1328084] . 1374558]. 1422071]. 1470634]. 1520255]. 1570945 
7 |.1328850]. 1375342]. 1422871]. 1471452]. 1521092]. 1571799 
8 |.1329617]|.1376125|. 1423672]. 1472270]. 1521928 + 1572653 
9 |.1330383].1376909). 1424474]. 1473089]. 1522765]. 1573507 
10 |.1331151). 1377693) ..1425276). 1473909]. 1523601]. 1574363 
11 |.1331918]. 1378478]. 1426078]. 1474728]. 1524439].1575218]. 
12 |.1332686)]. 1379263]. 1426880]. 1475548]. 1525276|. 1576073]. 
13 |.1333453]. 1380048]. 1427683]. 1476368]. 1526114]. 1576929]. 
14 |.1334221). 1380833] . 1428485). 1477188). 1526952). 1577785 
15 }.1334990]. 1381619]. 1429288) . 1478009]. 1527791]. 1578641 
16 |.1335758]. 1382405]. 1430092]. 1478830]. 1528630]. 1579498 
17 |.1336527]. 1383191]. 1430895]. 1479651]. 1529469]. 1580355 
18 |.1337296| . 1383978]. 1431699] . 1480473]. 1530308]. 1581212 
19 + 1338066 - 1384764! . 1432503] . 1481295]. 1531147]. 1582069 
20 |.1338836]. 1385551]. 1433308] . 1482117]. 1531987]. 1582927 
21 |.1339606| . 1386339] . 1434113]. 1482939] . 1532827 - 1583786 
22 |.1340377|. 1387127]. 1434918]. 1483762]. 1533668 . 1584644 
23 |.1341147|. 1387915]. 1435724 - 1484585]. 1534508]. 1585503 
24 |.1341918]. 1388703]. 1436529]. 1485408]. 1535349 - 1586362 
25 |.1342689]. 1389491]. 1437335] . 1486232|.1536191]. 1587221). 
26 Be Bros - 1390280}. 1438141]. 1487056 eee 1588081]; 
27 1344232]. 1391069} . 1438948] . 1487880]. 1537875). 1588940]. 
28 1345004 - 1891859]. 1439755]. 1488705]. 1538717 51589801). 
29 |.1345777]. 1392648] . 1440562|. 1489529]. 1539559 - 1590661 
30 |.1346550]. 1393438]. 1441370]. 1490355]. 1540402 - 1591522 
31 |.1347323)]. 1394229] .1442178]. 1491180]. 1541246]. 1592383 
32 |.1348096]. 1395019]. 1442986]. 1492006]. 1542089]. 1593245 
33 |.1348870]. 1395810]. 1443794]. 1492839] . 1542933]. 1594106 
34 |.1349644|.1396601]. 1444602]. 1493658] . 1543777]. 1594968 
35 |.1350418]. 1397393]. 1445411]. 1494485 - 1544621). 1595831 
86 |.13851192]. 1398184]. 1446220]. 1495312 - 1545466]. 1596693). 
37 |.1351967]|. 1398976]. 1447030 - 1496139]. 1546311]. 1597556]. 
38 |.1352741].1399769] . 1447840]. 1496966] . 1547156]. 1598419]. 
39 |.1353517|. 1400561]. 1448650]. 1497794]. 1548002]. 1599283}. 
40 |.1354293]. 1401354]. 1449461]. 1498622 - 1548848]. 1600147 
41 |.1355069]. 1402147]. 1450271 - 1499450]. 1549694]. 1601011 
42 |.1355845]. 1402941]. 1451082] . 1500279 - 1550540} . 1601876 
43 |.1356621). 1403735]. 1451893 + 1501108]. 1551387]. 1602740 
44 |.1357398]. 1404529]. 1452705 - 1501937]. 1552234]. 1603605 
45 |.1358175]. 1405323]. 1453517]. 1502767 - 1553082]. 1604471 
46 |.1358952]|. 1406118]. 1454329] . 1503597 - 1553929]. 1605336 
47 |.1359729]. 1406913 - 1455141]. 1504427|. 1554777]. 1606202 
48 |.1360507). 1407708 - 1455954]. 1505258]. 1555626]. 1607068 
49 |. 1361285]. 1408503]. 1456767 - 1506088]. 1556474]. 1607935 
50 |. 1362064. 1409299]. 1457581 - 1506918]. 1557323]. 1608802 
51 |. 1362843). 1410095]. 1458394]. 1507750 - 1558172]. 1609669 
52 |.1363622]. 1410892 - 1459208]. 1508581]. 1559021]. 1610537 
53 |. 1364401]. 1411688]. 1460022 - 1509413}. 1559871]. 1611404 
54 |.1365180]. 1412485]. 1460836 - 1510245]. 1560721]. 1612272 
55 |.1365960}. 1413283]. 1461651 - 1511078]. 1561571]. 1613140 
56 |. 1366740]. 1414080 + 1462466]. 1511911]. 1562422 . 1614009]. 
57 |.1367521|. 1414878]. 1463281 . 1512744]. 1563273]. 1614878]. 
58 |.1368301]. 1415676]. 1464097 - 1513577]. 1564124]. 1615747]. 
59 |.1369083}. 1416474]. 1464914 - 1514411]. 1564976]. 1616616}. 
60 |. 1369864]. 1417273]. 1465730 + 1515245]. 1565828]. 1617487]. 





























RADIUS = 


91° 


Diff. 870 


- 1617487 
+ 1618357 
- 1619228 
- 1620098 
- 1620969 


- 1621840 
- 1622712 
+ 1623584 
- 1624456 
- 1625328 


- 1626202 


«1629697 


- 1630571 
- 1631446 
+ 1632320 
- 1633196 
«1634071 


- 1634948 
- 1635824 
- 1636701 
- 1637577 
- 1638454 


1639332 


- 1642844 


- 1643724 
- 1644603 
- 1645483 
- 1646363 
+ 1647243 


- 1648123 
1649004 


1651648 


- 1652530 
- 1653412 
+ 1654295 
- 1655178 
- 1656061 


. 1656944 
11657828 
11658712 
: 1659596 
+ 1660481 
. 1661366 
+ 1662252 
11664909 


- 1665796 


1670233 
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58 TABLE XXI.—MINUTES IN DECIMALS OF A DEGREE 
’ 0" 10” 15” 20” 30” 40" 45" 50” 
278 | .00417 | .00556 || .00833 | .01111 | .01250 | .01389 
© | -Oreer | .o1a44 | 102083 | ‘ae2ze || “ozso0 | [02778 | ‘02017 | ‘03055 
2 | 103333 | :03611 | .03750 | .03889 |/ .04167 | .04444 | .04583 | 104722 
3 | .05000 | .05278 | .05417 | .05556 || .05833 | .06111 | .06250 | .06389 
4 | .06667 | 106944 { .07083 | 07222 || .07500 | .07778 | .07917 | :08056 
5 | .08333 | |08611 | .08750 | 08889 |] .09167 | .09444 | 109583 | 109722 
6 | .10000 | .10278 | .10417 | .10556 |} .10833 | .11111 | .11250 | 111389 
7 | 111667 | .11944 | .12083 | .12222 || .12500 | .12778 | .12917 | 113056 
8 | .13333 | .13611 | .13750 | .13889 || .14167 | .14444 | .14583 | 114722 
9 | .15000 | 115278 | .15417 | -15556 || .15833 | .16111 | .16250 | 16389 
10 | .16667 | |16944 | .17083 | .17222 || .17500 | 17778 | .17917 | 18056 
11 | .18933 | .18611 | .18750 | .18889 || .19167 | .19444 | .19583 | .19722 
12 | :20000 | :20278 | .20417 | .20556 || /20833 | .21111 | 121250 | |21389 
13 | .21667 | .21944 | .22083 | .22222 || .22500 | .22778 | .22917 | .23056 
14 | 123333 | 123611 | 23750 | .23889 || 124167 | 124444 | 124583 | 124722 
15 | .25000 | .25278 | .25417 | .26556 || .25833 | .26111 | .26250 | .26389 
16 | .26667 | .26944 | .27083 | .27222 || 27500 | 27778 | .27917 | |28056 
17 | 128338 | 28611 | .28750 | .28889 |/ 29167 | 29444 | 129583 | |29722 
18 | .30000 | 30278 | .80417 | .30556 |) .30833 | 31111 | -31250 | .31389 
19 | 131667 | 31944 | .82083 | .32222 |/ (32500 | 32778 | /32917 | 133056 
20 | .33333 | .83611 | .33750 | .33889 || 134167 | .34444 | 134583 | 134722 
21 | .35000 | .85278 | .85417 | .85556 || .35833 | .36111 | .36250 | .36389 
22 | 36667 | .36944 | .37083 | .87222 || °37500 | .37778 | .87917 | 138056 
23 | 138333 | .38611 | .38750 | .38889 || .39167 | 139444 | |39583 | ‘39722 
24 | :40000 | .40278 | .40417 | .40556 || /40833 | 141111 | 141250 | |41389 
25 | 141667 | .41944 | .42083 | .42222 || (42500 | 142778 | |42017 | (43056 
26 | .43333 | .43611 | .43750 | .43889 |) .44167 | .44444 |. 44583 | .44722 
27 | .45000 | 145278 | .45417 | .45556 || (45833 | |46111 | 146250 | |46389 
28 | 46667 | .46944 | .47083 | .47222 || .47500 | 147778 | :47917 | 148056 
29 | 148333 | .48611 | .48750 | .48889 || .49167 | 149444 | 149583 | ‘49722 
30 50278 | .50417 | .50556 |) 50833 | (51111 |. .51250 | 151389 
81 | .51667 | .51944 | .52083 | .52222 || 52500 | .52778 | .£2017 | .53056 
32 | 53833 | .53611 | .53750 | 53889 || 54167 | 154444 | 154583 | 154722 
83 | .55000 | .55278 | .55417 | .55556 || 155833 | .56111 | .56250 | 156389 
84 | .56667 | .56944 | .57083 | .57222 || .57500 | .57778 7917 | .58056 
85 | .58333 | .58611 | .58750 | .58889 || 59167 | 159444 | 159583 | 159722 
36 | .60000 | .60278 | .60417 | .60556 || .60833 | °61111 | 61250 | '61389 
37 | .61667 | .61944 | .62083 | .62222 || .62500 | .62778 | |62917 | |63056 
38 | .63333 | .63611 | .63750 | .63889 || 164167 | 164444 | (64583 | (64722 
39 65278 | .65417 | .65556 || 65833 | /66111 | .66250 | 166389 
40 | .66667 | .66944 | .67083 | 67222 || .67500 | :67778 | .67917 | [63056 
41 | .68333 | .68611 | .68750 | .68889 || .69167 | .69444 | .69583 | .69722 
42 | .70000 | .70278 | .70417 | .70556 || .70833 | ‘71111 | 71250 | ‘71389 
43 | .71667 | .71944 | .72083 | .72222 || .72500 | :7e778 | ‘72917 | ‘73056 
44 | .73333 | .73611 | .73750 | .78889 || 174167 | ‘74444 | :74583 | (74792 
45 | .75000 | .75278 | .75417 | .75556 || .75833 | :76111 | |76250 | ‘76389 
46 | 76667 | .76944 | .77083 | .77222 || -77500 | :77778 | (77917 | 78056 
47 | .78333 | .78611 | .78750 | .78889 || 79167 | :79444 | (79583 | ‘79722 
48 | .80000 | .80278 | .80417 | .80556 |] :80833 | 81111 | /81250 | ‘81389 
49 | .81667 | .81944 | .82083 | .82222 || 182500 | :82778 | |82917 | (83056 
50 | .83333 | .83611 | .83750 | .83889 |] 184167 | 184444 | 184583 | 184722 
51 | .85000 | .85278 | .85417 | .85556 || .85833 | 86111 | .86250 | .86389 
52 | .86667 | .86944 | .87083 | .87222 || .87500 | .87778 | .87917 | 188056 
58 | .88333 | .88611 | .88750 | .88889 |) .89167 | .89444 | 189583 | |S9722 
54 | .90000 | .90278 | .90417 | .90556 |] .90833 | /91111 | 191250 | 191389 
55 | .91667 | .91944 | .92083 | .92222 || .92500 | 192778 | 192917 | |93056 
56 | .93333 | .93611 | .93750 | .93889 || 94167 | 94444 | 194583 | 194729 
57 | .95000 | .95278 | .95417 | .95556 || .95833 | :96111 | |96250 | ‘96389 
58 | .96867 | .96944 | .97083 | .97222 || .97500 | .97778 | .97917 | ‘98056 
59 | .98333 | .98611 | .98750 | .98889 || .99167 | .99444 | :99583 | ‘99722 
1 | 50% A ie a so | 40" | 46" | 50 

















TABLE XXII.—TURNOUTS AND SWITCHES FROM A. .59 
STRAIGHT TRACK 


GaueEx, 4 Fret 844 Incuss = 4.708. Turow, 5 Incuzs = 0.417. 








No, | Angle Dist. Chord | Switch 
n. Et BF. af. AD. 
4 14°15’ 00"| 37.664 | 37.873} 11.209 
444 }12 40 49 | 42.372} 42.113} 12.610 
5 11 25 16| 47.080] 46.846] 14.012 
546 | 10 23 20 51.788 | 51.575} 15.413 
6 9 81 38] 56.496| 56.801 | 16.814 
6146 | 8 47 51 61.204} 61.024] 18.215 
% 8 10 16 65.912] 65.744 19.616 
61-7 37 41 70.620} 70.464} 21.017 
8 % 09 10 75.328 | 75.181 | 22.418 
814 | 6 43 59 80.036 | 79.898} 28.820 
9 6 21 35 | 84.744] 84.613} 25.221 
914 | 6 OL 82] 89.452} 89.828} 26.622 
20 5 43 29} 94.160} 94.043} 28.023 
10% | 5 27 09 | 98.868] 98.756 | 29.424 
11 5 12 18 | 103.576} 103.469 | 30.825 
114% | 4 58 45 | 108.284] 108.182 | 32.227 
12 4 46 19 | 112.992} 112.894 | 33.628 











Gaues, 3 FEET. 








Radius 
Ts 


150.656 
190.674 
235.400 
284 . 834 
338.976 
397. 826 











Log’thm. | Degree 
log. r. | of Curve. 


2.177986 | 88° 45/ 57” 
2.280292 | 380. 24 09 
2.371806 | 24 81 36 
2.454592 | 20 13 13 
2.530169 | 16 57 52 
2.599693 | 14 26 25 





PU eee 12 26 84 
2.723989 | 10 50 02 
2.780046 | 9 31 OF 

5 e32104 8 25 47 

2.882352 | 7 31 04 

2.929314 | 6 44 46 

2.973866 | 6 05 16 

3.016245 | 5 31 17 

3.056652 | 5 01 50 

8.095262 | 4 36 08 

3.182229 | 4 13 36 


Turow, 4 IncHES = 0.333. 





No. 











Angle 
nN. F, 
4 14° 15/ 00” 
446 | 12 40 49 
5 11 25 16 
5% | 10 23 20 
6 9 31 38 
64% 8 47 51 
ng | Tar at 
1% 4 
8 7 09 10 
814 6 43 59 
9 6 21 35 
944 6 01 32 
10 43°29 
10. 27 09 
1? 5 12.18 
114% 4 58 45 
i 4 46 19 


n. 








No. 
n". 





[eon 
2.817) 20° 07” 36") 


3.172 


ANGLZ AND DISTANCE OF MIDDLE FRoG, #7” 


Angle 
oe 





17 54 52 





Dist. 
BF. 


. 


Chord | Switch 
af. AD. 


24 23.815 8 


27 26.835 9 
30 29.851 10 
33 382,865 11 
36 35.876 12 
39 38.885 13 
42 41 .893 14 
45 44.900 15 
48 47.906 16 
51 50.912 17 
54 53.917 18 
57 56.921 19 
60 592925 20 
63 62.929 21 
66 65.932 22 
69 68.935 23 








71.938 24 


Radius 
as 








Log’thm. | Degree 
log. 


oie of Curve: 








1.982271 | 62° 46/ 34 
2.084576 | 48 36 04 
2.176091 | 38 56 33 
2.258877 | 81 58 55 
2.334454 | 26 46 07 
2.403978 | 22 45 04 


2.468347 | 19 35 O01 
2.528274 | 17 02 21 
2.584831 | 14 57 48 
2.636989 | 13 14 47 
2.686636 | 11 48 387 
2.733598 | 10 35 46 
2.778151 9 33 38 
2.820530 8 40 12 
2.860937 7 53 54 
2.899547 7 13 82 
2.986514 6 38 06 








oe 
4, 1 
Dist. 
ar", 
— 
26.736 
30.054 
33.374 
36.695 
40.018 
43 .342 
46.666 
49.991 
53.317 














oe 
No. 
Disk. mn, 
an". 
17.087 || 8 
19.151 || 814 
21.266 9 
23.3855 94 
25.500 || 10 
27.618 || 10% 
29.736 || 11 
31.855 || 1114 
33.974 || 12 











No, 
Rn". 


5.651 | 10° 06’ 44” 


6.005 | 9 
6.359 | 8 
6.713 
7.067 
7.420 








x 
3 
S 
DIVIEOH 
ESRS 
XC) 
[o>] 





Angie 


if 


81 08 
59 30 
81 10 
05 40 





| Gauge Gauge 
( 4, 8% 3. 

i Dist. 
on”. | oF". 





53.317 | 33.974 
56.643 | 36.094 
59.969 | 38.213 
63.296 | 40,383 
66.623 | 42.453 
69.950 | 44.573 
73.277 | 46.693 
76.605 | 48.813 
79.982 | 50.934 














60 TABLE XXIIA.—AMERICAN RAILWAY ENGINEERING 
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ASSOCIATION. SPLIT SWITCH TURNOUTS 61 


NOTES 


1.—Turnouts and crossovers recommended—For Main Line 
High Speed Movements, No. 16 or No. 20. For Main Line 
Slow Speed Movements, No. 12 or No. 10. For Yards and 
Sidings, to meet General Conditions, No. 8. 

2.—Gauge—The leads shown are computed for the standard 
track gauge of 4/-83/.. When conditions require a wider 
gauge than 4’-8}’’, the length lead as shown for 4’-8}” gauge 
shall be maintained and the gauge widened on the inside rail 
back of the heel of switch. 

3.—Scope of this plan—The Turnout Tables are applicable 
for frogs and switches of the dimensions shown, and are subject 
to modification for other conditions. 

4. Alternates: 

(a) Other combinations of closure rails may be used to 
equal the same length leads. 

(b) Modified frog lengths may be used and the lengths 
of the closure rails modified to correspond without 
change in alinement. 

(c) Switch rails with slightly modified angle (as for 1’ 
variation in heel spread) may be used with leads 
shown without appreciable change in alinement; 
but if the switch angle be changed markedly, then 
the lead and alinement should be recomputed to 
suit conditions. 

(d) For other notes relating to modified lengths and 
angles, see notes on frog and switch plans referred 
to in table. 


62 TABLE XXIIB.—AMBERICAN RAILWAY ENGINEERING 
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SPLIT SWITCH TURNOUTS 


ASSOCIATION. 
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64 TABLE XXIII.—SQUARES, CUBES, SQUARE ROOTS 
s | 
No. |Squares.| Cubes. Rctet Cube Roots. | Reciprocals. 
1 1 1 1.000000 1.000000 | 1.000000000 
2 4 8 \ 1.4142136 1.2599210 -500000000 
3 9 a7 1.7320508 1.442496 333333333 
4 16 64 2.000000 1.5874011 “250000000 
5 25 125 2.2360680 1.7099759 “200000000 
6 36 216 2 4494897 1.8171206 “166666667 
q 49 343 2.6457513 1.9129312 142857143 
8 64 512 2. 8284271 20000000 “125000000 
9 81 729 3.000000 2. 0800837 1111111111 
10 100 1000 8.162277 2.1544347 100000000 
11 121 1331 3.3166248 2.2239801 090909091 
12 144 1728 3.4641016 22804286 083333333 
13 169 2197 3..6055513 2.513347 076923077 
14 196 2744 8. 7416574 2.4101422 -071428571 
15 225 3375 3.8729833 24662121 066666667 
16 256 4096 40000000 25198421 062500000 
17 289 4913 4.1231056 2.5712816 - 058823529 
18 324 5832 4. 2426407 2.6207414 -055555556 
19 361 6859 43588989 2..6684016 052631579 
20 400 8000 4.4721360 2.714417 050000000 
21 441 9261 45825757 27589243 047619048 
22 484 10648 46904158 2. 8020393 1045454545 
23 529 12167 47958315 2. 8438670 043478261 
24 576 13824 4.8989795 28844991 041666667 
25 625 15625 5.0000000 2.9240177 -040000000 
26 676 17576 50990195 2. 9624960 -038461538 
27 729 19683 5. 1961524 3.000000 037037037 
28 784 21952 52915026 30365889 035714286 
29 841 24389 53851648 3.0723168 084482759 
30 900 27000 5.472256 8. 1072325 . 033333833 
31 961 29791 5.567764 3.1413806 032258065 
382 1024 82768 56568542 8.1748021 -031250000 
33 1089 85937 57445626 3.2075343 030303030 
34 1156 39304 5. 8309519 3..2396118 029411765 
35 1225 42875 5.9160798 3.2710663 -028571429 
36 1296 46656 6.0000000 8.3019272 027777778 
37 1369 50653 60827625 3.332218 027027027 
38 1444 54872 6.1644140 8.3619754 -026315789 
39 1521 59319 6.249980 3.3912114 “025641026 
40 1600 64000 6. 3245553 8.4199519 025000000 
41 1681 68921 6 4031242 38.4482172 -024390244 
42 1764 74088 64807407 3.4760266 023809524 
43 1849 79507 6.5574385 3.5033981 023255814 
44 1936 85184 6.6332496 3.5303483 022727273 
45 2025 91125 6.7082039 35568933 022229092 
46 2116 97336 6.7823300 3.5830479 021739130 
47 2209 103823 6. 8556546 3.6088261 “021276596 
48 2304 110592 69282082 3. 6342411 020833333 
49 2401 117649 70000000 3.6593057 020408163 
50 2500 125000 7.0710678 3.6840314 020000000 
51 2601 132651 71414284 3.7084208 019607843 
52 2704 140608 72111026 3.735111 019230769 
53 2809 148877 72801099 8.7562858 018867925 
54 2916 157464 7.3484692 3.797631 018518519 
55 3025 166375 7.4161985 38029525 018181818 
56 3136 175616 7. 4833148 3.8258624 017857148 
57 3249 185193 75498344 3.8485011 017543860 
58 3364 195112 7.6157731 3.8708766 1017241379 
59 3481 205379 76811457 3.8929965 016949153 
60 3600 216000 7.7459667 3.9148676 016666667 
61 3721 226981 7.8102497 3.9364972 016393443 
62 3844 238328 78740079 3.9578915 0161290382 


———— 


——————— 





























CUBE ROOTS, AND RECIPROCALS 65 
Square 
No. |Squares. Cubes. Roots! Cube Roots. | Reciprocals. 
63 3969 250047 % 9372539 38.9790571 .015873016 
64 4096 262144 8.0000000 4.0000000 -015625000 
65 4225 274625 8.062257 4.0207256 .015384615 
66 4356 287496 8.1240384 4.0412401 .015151515 
67 4489 300763 8.1853528 4.0615480 -014925373 
68 4624 314432 8.2462113 4.0816551 .014705882 
69 4761 828509 8.3066239 4.1015661 -014492754 
70 4900 343000 8.3666003 4.1212853 -014285714 
vet 5041 857911 84261498 4.14081'78 -014084507 
%2 5184 873248 8.4852814 4.1601676 .013888889 
73 5329 889017 8.5440037 4.1793390 .013698630 
74 5476 405224 8.6023253 4.1983364 .013513514 
vis) 5625 421875 8.6602540 4.2171683 .018333333 
76 5776 438976 8.7177979 4. 2358236 .013157895 
V7 5929 456533 8.7749644 42543210 .012987013 
78 6084 474552 8.8317609 4.2726586 .012820513 
79 6241 493039 8.8881944 4.2908404 .012658228 
80 6400 512000 8.9442719 4.3088695 -012500000 
81 6561 531441 9.0000000 43267487 -012345679 
82 724 551368 9.0558851 4.3444815 .012195122 
83 6889 571787 9.1104336 4.8620707 -612048193 
84 7056 592704 9.1651514 4.3795191 -011904762 
85 9225 614125 9.2195445 4.3968296 .011764706 
86 7396 636056 92736185 4.4140049 -011627907 
87 7569 658503 9.38273791 4,4310476 -011494253 
88 744 681472 9.3808315 4.4479602 .011363636 
89 7921 704969 9.4339811 4.4647451 -011235955 
90 8100 729000 94868330 4.4814047 .011111111 
91 8281 753571 9 5393920 4.4979414 .010989011 
92 8464 778688 9.5916630 4.5143574 .010869565 
93 8649 804357 96436508 4.53806549 .010752688 
94 8836 830584 9.6953597 4.5468359 .010638298 
95 9025 857375 9.7467943 4.5629026 .010526316 
96 9216 884736 9.979590 4.5788570 .010416667 
97 9409 912673 9.8488578 4.5947009 .010309278 
98 9604 941192 98994949 4.6104363 .010204082 
99 9801 970299 99498744 4.6260650 .010101010 
100 10000 1000000 10.0000000 4, 6415888 .010000000 
101 10201 1030301 10.0498756 4.6570095 -009900990 
102 10404 1061208 10.0995049 .6723287 .009803922 
103 10609 1092727 10.1488916 4.6875482 .009708738 
104 10816 1124864 10.1980390 4.7026694 .009615385 
105 11025 1157625 10.2469508 4.7176940 .009523810 
106 11236 1191016 10. 2956301 4.7326235 -009433962 
107 11449 1225043 10.3440804 4.474594 -009345794 
108 11664 1259712 10.3923048 4.76220382 -009259259 
109 11881 1295029 10.4403065 4.768562 -009174312 
110 12100 1331000 19.4880885 4.7914199 -009090909 
111 12321 1367631 10.5356538 48058955 .009009009 
112 13544 1404928 10.5830052 4.8202845 .008928571 
113 12769 1442897 10.6801458 4.8345881 .008849558 
114 12996 1481544 10.6770783 4.8488076 .0087'71930 
115, 13225 1520875 10.7238053 4.8629442 -008695652 
116 13456 1560896 10.7703296 4.8769990 .008620690 
117 13689 1601613 10.8166538 4.8909732 .008547009 
118 138924 1643032 10.8627805 4.9048681 .008474576 
119 14161 1685159 10.9087121 4.9186847 -008403361 
120 14400 1728000 10.9544512 4. 9324242 .008333333 
121 14641 1771561 11.00.0000 4.9460874 .008264463 
122 14884 1815848 11.0453610 4.9596757 -008196721 
123 15129 1860867 11.0905365 4.9731898 .008130081 
124 15376 1906624 11.1355287 4.9866310 -008064516 
—————_— 


66 TABLE XXIII.—SQUARES, CUBES, SQUARE ROOTS 


























No, |Squares.| Cubes. mee Cube Roots. | Reciprocals, 
15625 1953125 11.1803399 5.0000000 .008000000 

198 15876 2000376 N11. 2249722 5.0132979 -007936508 
127 16129 2048383 112694277 50265257 .007874016 
128 16384 2097152 11.3137085 50396842 -007812500 
129 16641 2146689 11.3578167 50527743 -007751988 
30 16900 2197000 11.4017543 50657970 -007692308 
int 17161 2248091 11.4455231 5.0787531 -007633588 
182 17424 2299968 11.4891253 5.0916434 -007575758 
183 17689 2352637 115825626 5.1044687 -007518797 
134 17956 2406104 11.5758369 5.1172299 .007462687 
185 18225 2460375 11.6189500 5.1299278 -007407407 
136 18496 2515456 11.6619038 51425632 -007352941 
137 18769 2571353 11.7046999 5.1551367 -007299270 
188 19044 2628072 11.7473401 5.1676493 .007246377 
139 19321 2685619 11.7898261 5.1801015 -007194245 
140 19600 2744000 11. 8321596 5.1924941 -007142857 
141 19881 2808221 11,8743421 5 2048279 -007092199 
142 20164 2863288 11.9163753 52171034 .007042254 
143 20449 2924207 11.9582607 5 .2293215 .006993007 
144 20736 2985984 12.0000000 52414828 -006944444 
145 21025 3048625 12.0415946 5 2535879 -006896552 
146 21816 8112136 12.0830460 5. 2656374 -006849315 
147 21609 3176523 12.1243557 5.2776321 -006802721 
148 21904 38241792 12.1655251 52895725 .006756757 
149 22201 3307949 12.2065556 5.3014592 .006711409 
150 22500 3375000 122474487 58132928 -006666667 
151 22801 8442951 12.2882057 5.3250740 -006622517 
152 23104 3511808 12.3288280 58368083 -006578947 
153 23409 8581577 123693169 58484812 -006535948 
154 23716 3652264 12.4096736 58601084 -006493506 
155 24025 3728875 12.4498996 5.3716854 -006451613 
156 24336 8796416 12.4899960 5.3832126 -006410256 
157 24649 3869893 12.5299641 5 3946907 -006369427 
158 24964 8944312 12.5698051 54061202 -006329114 
159 25281 4019679 12.6095202 5.4175015 -006289308 
160 25600 4096000 12.6491106 5 4288352 -006250000 
161 25921 4173281 12.6885775 5.4401218 -006211180 
162 26244 4251528 12.'7279221 5.4513618 -006172840 
163 26569 4330747 12.'7671453 5.4625556 -006134969 
164 26896 4410944 12.8062485 5.47370387 -006097561 
165 27225 4492125 12. 8452326 5.4848066 - 006060606 
166 27556 4574296 12.8840987 54958647 -006024096 
167 27889 4657463 12.9228480 55068784 - 005988024 
168 28224 4741632 12.9614814 5.5178484 -005952381 
169 28561 4826809 18 .0000000 55287748 -005917160 
170 28900 4913000 13.0384048 5.53896583 005882353 
171 29241 5000211 13.0766968 5.5504991 -005847953 
172 29584 5088448 13.1148770 §.5612978 - 005813953 
173 29929 5177717 13. 1529464 55720546 -005780347 
174 30276 5268024, 13.1909060 5.5827702 -005747126 
175 30625 5359375 18 2287566 55934447 -005714286 
176 80976 5451776 18. 2664992 5.6040787 -005681818 
177 31329 55452383 18, 3041347 56146724 -005649718 
178 81684 5639752 13.3416641 6 6252263 -005617978 
179 32041 + 5735389 13.3790882 5. 6357408 -005586592 
180 32400 5832000 13.4164079 5.6462162 005555556 
181 32761 5929741 13.4586240 56566528 -005524862 
182 83124 6028568 18 .4907376 5.6670511 -005494505 
183 83489 6128487 13.5277493 5.6774114 -005464481 
184 83856 6229504 18.5646600 5.687740 -005434783 
185 84225 6331625 13.6014705 5.6980192 -005405405 
186 34596 6434856 13 .6381817 5.7082675 -0053763844 
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No. | Squares. 
187 84969 
188 35344 
189 385721 
190 36100 
191 36481 
192 36864 
193 387249 
194 37686 
195 38025 
196 38416 
197 38809 
198 39204 
199 39601 
200 40000 
201 40401 
202 40804 
203 41209 
204 41616 
205 42025 
206 42436 
207 42849 
208 43264 
209 43681 
210 44100 
211 44521 
212 | 44944 
213 45369 
214 45796 
215°.) 46225 
216 46656 
217 47089 
218 47524 
219 47961 
220 48400 
221 48841 
222 49284 
223 49729 
224 50176 
225 50625 
226 51076 
227 51529 
51984 
229 52441 
230 52900 
231 53361 
232 53824 
233 54289 
234 54756 
235 55225 
236 55696 
237 56169 
238 56644 
239 57121 
240 57600 
241 58081 
242 58564. 
243 59049 
244 59536 
245 
246 60516 
247 61009 
248 61504 








Cubes. 


6539203 
6644672 
6751269 


6859000 
6967871 


7762392 
7880599 


8000000 
8120601 
8242408 
8365427 
8489664 
8615125 
8741816 
8869743 
8998912 
9129329 


9261000 
9393931 
9528128 
9663597 
9800344 
9938375 
10077696 
10218313 
10360232 
10503459 


10648000 
10798861 
10941048 
11089567 


11852352 
12008989 


12167000 
12326391 
12487168 
12649337 
12812904 


13312053 
13481272 
13651919 


13824000 
18997521 
14172488 
14348907 
14526784 
14706125 
14886936 


15069223 . 


15252992 





Square 
Roots. 


13.6747943 
13,7118092 
13.7477271 


13.7840488 
13.8202750 
13.8564065 
13.8924440 
13.9283883 
13.9642400 
14.0000000 
14.0356688 
14.0712473 
14. 1067360 


14. 1421356 
14.1774469 
14. 2126704 
14. 2478068 
14, 2828569 
14.3178211 
14.3527001 
14. 3874946 
14. 4222051 
14.4568323 


14.4913767 
14.5258390 
14.5602198 
14.5945195 
146287388 
146628783 
14. 6969385 
14 .'7809199 
14.'7648231 
14.'7986486 


148323970 
14. 8660687 
14.8996644 
14. 9831845 
14.9666295 
15.0000000 
15.0332964 
150665192 
15.0996689 
15.1827460 


15.1657509 
15. 1986842 
152315462 
15 2643375 
15.2970585 
15.38297097 
158622915 
158948043 
15.4272486 
154596248 


15..4919334 
15.5241747 
155563492 
155884573 
15 6204994 
15. 6524758 
15. 6843871 
15.7162336 
15.7480157 





Cube Roots. 


5.'7184791 
5.7286543 
5.'7387936 


5.7488971 
5.7589652 
5. 7689982 
5.789966 
57889604 
5.'7988900 
58087857 
5.8186479 
58284767 
5.8382725 


5. 8480855 
58577660 
5.8674643 
5.87'71307 
58867653 
58963685 
59059406 
59154817 
5.9249921 
59844721 


5 9489220 
5.9583418 
59627820 
5. 9720926 
59814240 
59907264 
6 .0000000 
6 0092450 
6 0184617 
6 .0276502 


6 .0368107 
60459435 
60550489 
6 0641270 
6.0781779 
6 .0822020 
6.0911994 
6. 1001702 
6. 1091147 
6. 1180832 


6. 1269257 
6.1857924 
6.1446837 
6. 1584495 
6.1622401 
6.1710058 
6.1797466 
6. 1884628 
6.1971544 
6. 2058218 


6.2144650 


6.2743054 
6.2827613 








Reciprocals. 


005347594 
-005319149 
-005291005 


-005263158 
-005285602 
-005208333 
-005181347 
-005154639 
-005128205 
-005102041 
-005076142 
-005050505 
-005025126 


-005000000 
-004975124 
004950495 
004926108 
-004901961 
- 004878049 
004854369 
-004830918 
004807692 
- 004784689 


.004761905 
ne 
-004716981 
-004694836 


004366812 


004847826 
-004329004 
004310345 
-004291845 
-004273504 
-004255319 
004237288 
004219409 
004201681 
.004184100 


.004166667 
004149378 
004182281 
004115226 
.004098361 
.004081633 
004065041 
-004048583 
004022258 


ET 
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No, | Squares. | Cubes. eamare Cube Roots. | Reciprocals, 
249 62001 15438249 15.7797338 6.2911946 | 004016064 
250 62500 15625000 15.8113883 6.2996053 | .004000000 
251 63001 15813251 15.8429795 63079935 | 1003984064 
252 63504 16003008 15.8745079 6.3163596 | 1003968254 
253 64009 16194277 15. 9059737 6.3247035 | 1003952569 
254 64516 16387064 15.9373775 6.3330256 | .003937008 
255 65025 16581375 15.9687194 6.3413257 | 003921569 
256 65536 16777216 16 .0000000 6.3496042 | 1003906250 
257 66049 16974593 16.0312195 6.3578611 | .003891051 
258 66564 17173512 16. 0623784 6.3660968 | 003875969 
259 67081 17373979 16.0934769 6.3743111 | 1003861004 
260 67600 17576000 16. 1245155 6.8825043 | .003846154 
261 68121 17779581 16. 1554944 6.3906765 | .003831418 
262 68644 17984728 16.1864141 63988279 | 003816794 
263 69169 18191447 16.2172747 6.4069585 | 003802281 
264 69696 18399744 162480768 6.4150687 | .003787879 
266 70225 18609625 16. 2788206 6.4231583. | .003773585 
266 70756 18821096 16. 3095064 6.4312276 | 1003759398 
267 71289 19034163 16.3401346 6.4392767 | 003745318 
268 71824 19248832 16.3707055 6.4473057 | .003731343 
269 72361 19465109 16.4012195 6.4553148 | 003717472 
270 72900 19683000 16. 4316767 6.4633041 | 003703704 
71 73441 19902511 16.4620776 6.4712736 | 003690037 
272 73984 20123648 16. 4924225 6.4792236 | 003676471 
273 74529 20346417 16.5227116 6.4871541 | 003663004 
7 75076 20570824 16.5529454 6.4950653 | 003649635 
275 75625 20796875 16.5831240 6.5029572 | 003636364 
27 76176 21024571 16.6132477 6.5108300 | 003623188 
27 76729 21252933 16.6433170 6.5186839 | 003610108 
278 77284 21484952 16.6733320 6.5265189 | 003597192 
279 77841 21717639 16. 7032931 6.5343351 | 1003584229 
280 78400 21952000 16.7332005 6.542132 
281 78961 22188041 16.7630546 parses “OORBERTIG 
282 79524 92425768 16. 7928556 6.5576722 | 003546099 
283 80089 22665187 168226038 6.5654144 | 003533569 
284 80656 22906304 16.8522995 6.5731385 | 003521197 
285 81225 23149125 168819430 6.5808443 ) .003508772 
286 81796 23393656 16.9115345 6.5885323 | 003496503 
287 82369 23639903 16.9410743 6.5962023 | 003484321 
288 82944 23887872 16.9705627 6.6038545 | 003472292 
289 83521 24137569 17.0000000 6.6114890 | 1003460208 
290 84100 24389000 170293864 
291 84681 24642171 17. 0587221 Cease Rises 
292 85264. 24897088 170880075 6.6342874 | |003424658 
293 85849 25153757 17.1172428 6.6418522 | 003412969 
294 8643 25412184 17. 1464282 6.6493998 | 003401361 
295 87025 25672375 17.1755640 6. 6569302 003389831 
296 87616 25934336 172046505 6. 6644437 003378378 
297 88209 26198073 17.2336879 6.6719403 | 1003367003 
298 88804 26463592 172626765 6.6794200 | 1003355705 
299 89401 26730899 17.2916165 6.6868831 | “003314482 
300 90000 7000000 17.32050 5 
301 90601 7270901 it sagenie Gola: Picea 
302 91204 27543608 17.3781472 6.7091729 | 003311258 
303 91809 27818127 17. 4068952 6.7165700 | 003300330 
304 92416 28094464 174355958 6.7239508 | 0032804 
305 93025 28372625 17.4642492 6.7313155 “008278689 
306 93636 28652616 174928557 6.7386641 | 10032679 
307 94219 98934443 175214155 6.'7459967 “008057309 
308 94864 29218112 175499288 6.7533134 | 1008246753 
B09 95481 29503629 17.5783958 6.76 ; 
310 96100 29791000 Pe oe 
17.6068169 6.7678995 | .003225806 








ee eee 


CUBE ROOTS, AND RECIPROCALS 69 


ee 


























No. | Squares,| Cubes. “Aree Cube Roots. | Reciprocals, 
311 96721 30080231 17.6351921 6.7751690 -0032154384 
312 97344 80371328 17.6635217 6.7824229 - 003205128 
313 97969 30664297 17.6918060 6.7896613 -003194888 
314 98596 30959144 177200451 6. 7968844 -003184713 
315 99225 31255875 17. 7482393 6.8040921 -003174603 
316 99856 31554496 17. 7763888 6.8112847 .003164557 
317 100489 31855013 17.8044938 6.8184620 -003154574 
318 101124 32157432 17.8325545 6.8256242 -003144654 
319 101761 32461759 17.8605711 6.832714 -003134796 
320 102400 32768000 178885438 6.8399037 -003125000 
321 103041 38076161 17.9164729 6.8470213 -003115265 
322 103684 33386248 17. 9443584 6.8541240 -003105590 
323 104329 33698267 17.9722008 6.8612120 -003095975 
824 104976 34012224 18.0000000 68682855 - 003086420 
325 105625 34328125 18 0277564 6.8758443 -003076923 
826 106276 84645976 18.0554701 6.8823888 -003067485 
327 106929 34965783 180881413 6.8894188 -003058104 
328 107584 35287552 181107703 6.8964345 .003048780 
329 108241 35611289 18.1383571 6.9034859 .003039514 
330 108900 35937000 18.1659021 6.9104232 -003030303 
331 109561 36264691 18. 1984054 6.9173964 .003021148 
332 110224 36594368 18 2208672 6.9243556 - 003012048 
333 110889 36926037 18. 2482876 6.9313008 .003003003 
334 111556 37259704 18.2756669 6.9382321 -002994012 
335 112225 37595375 18 .3080052 6.9451496 .002985075 
336 112896 37933056 18 .3303028 6. 9520533 .002976190 
337 113569 38272753 18.3575598 6.9589484 -002967359 
338 114244 38614472 183847763 6.9658198 - 002958580 
339 114921 38958219 184119526 6.9726826 - 002949853, 
340 115600 89304000 18.4390889 6.97953821 .002941176 
341 116281 39651821 18. 4661853 6.9863681 -002932551 
342 116964 40001688 18 4932420 6.9931906 -002923977 
343, 117649 40353607 18.5202592 70000000 -002915452 
344 118336 40707584 185472370 7.0067962 -002906977 
345 119025 41063625 18.5741756 7 0135791 -002898551 
346 119716 41421736 18.6010752 7.0203490 -002890173 
347 120409 41781923 18.6279360 70271058 -002881844 
348 121104 42144192 18 .6547581 7.0338497 -002873563 
349 121801 42508549 18 .6815417 7 .0405806 - 002865330 
850 122500 42875000 18.7082869 70472987 .002857143 
351 123201 43243551 18.7349940 7.0540041 -002849003 
352 123904 43614208 18.7616630 7.0606967 - 002840909 
353 124609 43986977 18. 7882942 7.067376? - 002832861 
854 125316 44361864 18.8148877 7.0740440 -002824859 
855 126025 44738875 18.8414437 7. 0806988 -002816901 
356 126736 45118016 18 .8679623 70873411 .002808989 
B57 127449 45499293 188944436 70939709 - 002801120 
358 128164 45882712 18. 9208879 71005885 -002793296 
859 128881 46268279 189472953 71071937 -002785515 
360 129600 46656000 18.9736660 7.1137866 002777778 
361 130321 47045881 190000000 7. 1208674 .002770083 
362 131044 47437928 19 .0262976 71269360 002762431 
363 131769 47832147 19 .0525589 '7.1384925 -002754821 
364 132496 48228544 19.0787840 7.1400370 -002747253 
365 133225 48627125 19.1049732 7.1465695 -002739726 
366 133956 49027896 19.1311265 7. 1580901 .002732240 
367 134689 49430863 19.1572441 71595988 .002724796 
368 135424 49836032 19. 1833261 7.1660957 0027173891 
869 136161 50243409 19. 2093727 7.1725809 -002710027 
370 136900 50653000 19. 2353841 7.1790544 -002702703 
871 137641 51064811 192613603 7.1855162 -002695418 
372 138384 51478848 192873015 7.1919663 . 002688172 
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No. |Squares,|, Cubes. eee Cube Roots. | Reciproeals. 
lo 
89129 51895117 19.3132079 7.1984050 -002680965 
a 139876 52313624 YW. 3390796 7%. 2048322 .0026 et 
875 | 140625 527384375 19 .3649167 ts 2112479 4 eatin | 
376 141376 53157376 19.3907194 (és a1 16522 . 00265957: 

877 142129 535826383 19.4164878 “ 2240450 .002652520 
378 142884 54010152 194422221 is g 2304268 -002645503 
879 143641 54439939 19.4679223 72367972 -002638522 
144400 54872000 19 .4935887 7 .RA31565 .002631579 
aor 145161 55306341 195192213 "72495045 . 002624672 
882 145924 55742968 195448203 7 , 2508415 3 002617801 
883 146689 56181887 19. 5703858 v. 2621675 -002610966 
884 147456 56623104 19.5959179 Ws 2684824 -002604167 
885 148225 57066625 19.6214169 7. 2747 864 .002597403 
386 148996 57512456 19.6468827 ce 2810 “ 94 : 002590674 
7 149769 57960603 19.6723156 7.28 7 3617 5 002583979 
888 150544 58411072 19.6977156 7 .2936380 -002577320 
389 151321 58863869 19. 7230829 7 .29989386 .002570694 
390 152100 59319000 19.7484177 78061436 4 0025641038 
391 152881 59776471 19 .7737199 Te 3123828 é 002557545 
392 153664 60236288 19. 7989899 7.186114 F 002551020 
393 154449 60698457 198242276 '7.3248295 3 002544529 
394 155236 61162984 198494332 Mes 3310369 P 002538071 
895 156025 61629875 198746069 % 8372889 .002531646 
396 156816 62099136 19. 8997487 8434205 -002525253 
397 157609 62570773 19.9248588 sf 3495966 -002518892 
398 158404 63044792 19.9499373 78557624 .002512563 
399 159201 63521199 19.9749844 7.3619178 -002506266 
400 160000 64000000 20.0000000 7.38680630 . 002500000 
401 160801 64481201 20.0249844 8741979 i 002493766 
402 161604 64964808 20.0499877 78803227 002487522 
403 162409 65450827 20.0748599 '(.3864873 .002481390 
404 163216 65939264 200997512 7 8925418 .002475248 
405 164025 66430125 20.1246118 7.3986363 -002469136 
406 164836 66923416 20.1494417 7 4047206 -002463054 
407 165649 67419143 20.1742410 7.4107950 -002457002 
408 166464 67917312 20.1990099 4168595 .002450980 
409 167281 68417929 20.2237484 '7.4229142 .002444988 
410 168100 68921000 20. 2484567 74289589 .002439024 
411 168921 69426531 20.2781349 74849938 .002433090 
412 169744 69934528 20.2977881 7.4410189 -002427184 
413 170569 70444997 20.3224014 7 .4470342 -002421308 
414 171396 70957944 203469899 7 .4580399 002415459 
415 172225 71473375 20.3715488 4590859 .002409639 
416 173056 71991296 20.3960781 7.4650223 -002403846 
417 173889 72511713 20.4205779 7.4709991 .002398082 
418 174724 73034632 20.4450483 '7.4769664 .002392344 
419 175561 73560059 20.4694895 74829242 -002386635 
420 176400 74088000 20.4939015 7 4888724 .002880952 
421 177241 74618461 205182845 7.4948113 .002375297 
422 178084 75151448 20 5426386 7.5007406 .002369668 
423 178929 75686967 20.5669638 75066607 .002864066 
424 179776 76225024 20 5912603 % 5125715 .002858491 
425 180625 76765625 20.6155281 75184730 002352941 
426 181476 77308776 20.63897674 7 5243652 002847418 
427 182329 9'7854483 20.6639783 75802482 -002841920 
428 183184 78402752 20.6881609 % 5361221 .002336449 
429 184041 78958589 20,7123152 '7,5419867 -002331002 
430 184900 79507000 20.7364414 %.5478423 002325581 
431 185761 80062991 20.7605395 75536888 .002320186 
482 186624 80621568 20.7846097 7.5595263 -002314815 
433 187489 81182737 20 .8086520 7 .5653548 -002309469 
434 188356 81746504 20.8326667 %.5711743 -002304147° 








a 


CUBE ROOTS, AND RECIPROCAL 
ERESLART AA Vs O80 SING RSA eRe SAAR 


Cube Roots. | Reciprocals, 








No. |Squares, 
435 189225 
436 190096 
14 190969 
438 191844 
439 | 192721 
440 193600 
441 194481 
442 195364 
443 196249 
444 | 197136 
445 198025 
+446 | 198916 
447 199809 
448 | 200704 
449 | 201601 
450 202500 
451 203401 
452 204304 
453 205209 
454 206116 
455, 207025 
456 207936 
457 208849 
458 209764 
459 210681 
460 211600 
461 212521 
462 213444 
463 214369 
464 215296 
465 216225 
466 217156 
467 218089 
468 219024 
469 219961 
470 220900 
471 221841 
472 222784 
473 223729 
474 224676 
475 225625 
476 226576 
477 227529 
478 2 
479 229441 
480 230400 
481 231361 
482 232324 
483, 233289 
484 234256 
485 235225 
486 236196 
487 237169 
488 238144 
489 239121 
490 240100 
491 241081 
492 242064 
493 243049 
494 244036 
495 245025 
496 246016 











Cubes, 


82312875 
82881856 
83453453 
84027672 
84604519 
85184000 
85766121 
86350888 
86938307 
87528384 
88121125 
88716536 
89314623 
89915392 
90518849 


91125000 


96071912 
96702579 


97336000 
97972181 
98611128 
99252847 
99897344 
100544625 
101194696 
101847563 
102503232 
103161709 


103823000 
104487111 
105154048 
105823817 
106496424 
107171875 
107850176 
108531333 
109215352 
109902289 


110592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
145501303 
116214272 
116930169 


117649000 
118370771 
119095488 
119823157 
120553784 
121287375 
122023936 


Square 
Roots, 





20.8566536 
20,8806130 
20.9045450 
20. 9284495 
20. 9523268 


20.9761770 
21.0000000 
21.0237960 
21. 0475652 
21.0713075 
21.0950231 
21.1187121 
21.1423745 
21.1660105 
21.1896201 


21 2132034 
212367606 
21.2602916 
21. 2837967 
21.8072758 
213307290 
21.8541565 
21.3775583 
21.4009346 
214242853 


21.4476106 
21.4709106 
21.4941853 
21.5174348 
215406592 
215638587 
215870331 
21.6101828 
21.6333077 
21.6564078 


21.6794834 
21. 7025344 
21.7255610 
21. 7485632 
21.7715411 
21.'7944947 
21.8174242 
21. 8403297 
21 8632111 
21.8860686 


21.9089023 
21.9317122 
21.9544984 
21.9772610 
22.0000000 


22. 1359436 
22.1585198 
22.1810730 
22. 2036033 
22.2261108 
22..2485955 
22.2710575 








7.5769849 
7.5827865 
75885793 
7.5943633 
7.6001385 
7.6059049 
76116626 
7.6174116 
@ 6231519 
76288837 
7.6346067 
7 .6403213 
46460272 
7.651 7247 
76574138 


76630943 
7. 6687665 
7 .6744303 
7.6800857 
7.6857328 
7.6913717 
76970023 
7026246 
7082388 
7188448 


7194426 
7250325 
7306141 
7361877 
7417532 
7473109 
7528606 
7584023 
7639361 
7694620 
7749801 
7804904 
77859928 
%.7914875 
@.7969745 


Sot SNS SSA RNS Nae 


%.8297353 
78351688 
78405949 
78460134 
78514244 
7 8568281 
7 8622242 
7.8676130 
7 8729944 
7 8783684 


788372352 
7.8890946 
78944468 
78997917 
7.9051294 
7.9104599 
79157832 


71: 





-002298851 
-002293578 
-002288330 
-002283105 
002277904 
-002272727 
- 002267574 
002262443 
- 002257336 
002252252 
-002247191 
002242152 
-002237136 
002232143 
002227171 


% 


-002217295 
-002212389 
002207506 
002202643 
002197802 
002192982 
-002188184 
-002183406 
-002178649 


-002173913 
-002169197 
-002164502 
-002159827 
-002155172 
-002150538 
-002145923 
-002141828 
002136752 
002132196 


-002127660 
-002123142 
-002118644 
002114165 
002109705 
-002105263 
-002100840 
-002096436 
-002092050 
002087683 


002083333 
002079002 
002074689 
-002070393 
002066116 
002061856 
-002057613 


- 002020202 
002016129 


72 ‘TABLE XXII¥.—SQUARES, CUBES, SQUARE ROOTS 
et 























No. |Squares.| Cubes. oa ide Cube Roots. | Reciprocals, 
ve 247009 122763473 222934968 79210994 -002012072 
a 248004 123505992 \ 223159136 7.9264085 - 002008032 
499 249001 124251499 22.3383079 7.9317104 -002004008 
500 250000 125000000 223606798 '7.9370053 . 002000000 
501 251001 125751501 223830293 % 9422931 .001996008 
502 252004 126506008 22.4053565 79475739 -001992032 
503 253009 127263527 22.4276615 79528477 -001988072 
504 254016 128024064 22.4499443 7 .9581144 -001984127 
505 255025 128787625 22.4722051 79633743 -001980198 
506 256036 129554216 22.4944438 7 .9686271 -001976285 
507 257049 130323843 22.5166605 79738731 .001972387 
508 258064 131096512 22 .5388553 79791122 -001968504 
509 259081 131872229 22.5610283 7.9848444 -001964637 
510 260100 132651000 22.5831796 7.9895697 -001960784 
511 261121 183432831 22.6053091 79947883 -001956947 
512 262144 134217728 22.6274170 8.0000000 - 001953125 
513 263169 135005697 22.6495033 8 .0052049 -001949318 
514 264196 135796744 22.6715681 8.0104032 -001945525 
515 26522: 136590875 22.6936114 8.0155946 .001941748 
516 266256 137388096 22.7156334 8.207794 -001937984 
517 267289 138188413 22.7376340 8 .0259574 - 001934236 
518 268324 138991832 22 .'7596134 8.0311287 -001930502 
519 269361 139798359 22.7815715 8.0362935 -001926782 
520 270400 140608000 22.8035085 8.0414515 -001923077 
521 271441 141420761 22. 8254244 8.0466030 .001919386 
522 272484 142236648 22.8473193 8.0517479 -001915709 
523 27352! 143055667 22 .8691933 8.0568862 -001912046 
524 FAST 148877824 22.8910463 8 .0620180 -001908397 
525 275625 144703125 22. 9128785 8 .0671432 .001904762 
526 276676 14558157 22.9346899 8.0722620 .001901141 
527 77729 146363183 22.9564806 8.0773743 -001897533 
528 278784 147197952 22.9782506 8.0824800 -001893939 
529 279841 148035889 23 .0000000 8.0875794 -001890359 
530 280900 148877000 23 .0217289 80926728 .001886792 
531 281961 149721291 23 .0434372 8.097589 - 001883239 
532 283024 150568768 23 0651252 8.1028390 .001879699 
533 284089 151419437 23.0867928 8.1079128 -001876173 
534 285156 152273304 231084400 8.1129803 -001872659 
535 286225 153130375 23.1300670 8.1180414 -001869159 
536 287296 1538990656 231516738 8. 1230962 -001865672 
537 288369 154854153 23.1732605 8.1281447 -001862197 
5388 289444 155720872 23.1948270 8.1331870 .001858736 
539 290521 156590819 23.2163735 8.1882230 -001855288 
540 291600 157464000 23 .2379001 8. 1432529 -001851852 
541 292681 158340421 23.2594067 8.1482765 -001848429 
542 293764 159220088 23. 2808935 8.1532939 -001845018 
543 294849 160103007 23 .3023604 8.1583051 - 001841621 
544 295936 160989184 23 3238076 8.1633102 -001838235 
545 297025 161878625 23 3452351 8.1688092 . 001834862 
546 298116 162771336 22..8666429 8.1733020 -001831502 
a 299209 163667323 23.3880311 8.1782888 -001828154 
548 300304 164566592 23 .4093998 8. 1832695 -001824818 
549 801401 165469149 234807490 8.1882441 - 001821494 
550 802500 166375000 23.4520788 8.1932127 -001818182 
551 303601 167284151 23.4733892 8.1981752 . 001814882 
552 304704 168196608 23 .4946802 8. 2031319 .001811594 
553 305809 169112377 23.5159520 8. 2080825 .001808318 
554 306916 170031464 235372046 8. 2130271 .001805054 
555 | 308025 170953875 235584380 8.2179657 -001801802 
556 “| 3809136 171879616 23.5796522 8.2228985 -001798561 
657 310249 172808693 23 .6008474 8.2278254 -001795332 





558 811364 173741112 23. 6220236 8. 2327463 -001792115 








CUBE ROOTS, AND RECIPROCALS 


No. | Squares. 


559 812481 


560 313600 
561 814721 
562 815844 
563 816969 
564 818096 
565 819225 
566 820356 


567 821489 
568 822624 





5u9 | 823761 
570 | 324900 
B71 | 826041 
B72 | 827184 
B73 | 328329 
bv4 | 320476 
B75 | 330625 
576 | 331776 
B77 | 332020 
578 | 334084 
B19 | 335241 
580 | 836400 
581 | 837561 
582 | 328724 
583 | 330889 
Bet | 341056 
585 842225 
586 | 313396 
687 | 344569 
588 | B45744 
589 | 346921 
590 | 348100 
591 | 349281 
592 | 350464 
593 | 351649 
594 | 352836 
595 | 354025 
596 | 855216 
597 | 356409 
598 | 357604 
599 | 358801 
600 | 360000 
601 | 361201 
602 | 362404 
603 | 363609 
604 | 364816 
605 | 366025 
606 | 367236 
607 | 368449 
608 | 369664 
609 | 370881 
610 | 872100 
611 | 373321 
612 | 874544 
613 | 375769 
614 | 376996 
615 | 878225 
616 | 379456 
617 | 380689 
618 | 381924 
619 | 3888161 














Cubes, 


174676879 
175616000 
176558481 
177504828 
178458547 
179406144 
180862125 
181821496 
182284263 
183250432 
184220009 


185193000 
186169411 
187149248 
188332517 
189119224 
190109375 
191102976 
1921000383 
193100552 
194104539 
195112000 
196122941 
197137368 
198155287 
199176704. 
200201625 
201280056 
202262003 
208297472 
204336469 
205379000 
206425071 
207474688 
208527857 
209584584 
210644875 
211708786 
212776173 
213847192 
214921799 


216000000 
217081801 
218167208 
219256227 
220348864 
221445125 
222545016 
223648543 
224755712 
225866529 


226981000 
228099131 
229220928 
230346397 
231475544 
232608375 
233744896 
234885113 








Square 
Koots, 


23 .6431808 
23, 6643191 
23, 6854586 
28.7065302 
237276210 
23. 7486842 
237697286 
287907545 
23.8117618 
23 8827506 
20. 8587209 
28. 8746728 
23 8956063 
283.9165215 
23. 9374182 
283. 9582971 
23 .9791576 
240000000 
240208243 
24 0416306 
240624188 
24 0831891 
241039416 
A. 1246762 
24. 1453929 
241660919 
24.1867732 
24..2074369 
24..2280829 
242487118 
2A..2693222 


24 .2899156 
243104916 
24,8310501 
24.0515918 
#4. 8721152 





24 8926218 
244131112 
24, 4385854 
244540285 
#4.4744765 
24.4948074 
24.5153013 
24 5856883 
24.5560583 
24.5764115 
245967478 
24.6170673 
24,6373,'00 
24.6576560 
#A.67/79254. 


24. 6981781 
24.7184142 
247386338 
247588368 
24.7790284 
247991935 
24.,8193473 
24 8394847 
24 8596058 





248797106 
248997992 














Cube Roots, 





8.2876614 
8. 2425706 
82474740 
8. 2523715 
8. 2572633 
8. 2621492 
8. 26702094 
8.2719039 
82767726 
8. 2816856 
8.2864928 


8.2918444 
8. 2961903 
8.3010304 
8.8058651 
8.8106941 
8.8155175 
8.8208353 
88251475 
8.8299542 
8.8847553 


8.8895509 
8.3443410 
88491256 
8.85389047 
8. 3586784 
8.8634466 
83682095 
83729668 
8.3777188 
8.8824653 
8.3872065 
8.8919423 
8.8966729 
84013981 
8.4061180 
84108826 
8.4155419 
84202460 
8.4249448 
8.4296383 
84348267 
8.4390098 
8.4486877 
8.4483605 
8.450281 
8.4576906 
8.4623479 
8.4670001 
8.4716471 
8.4762802 
8.4809261 
8.4855579 
8.4901848 
84948065 
84994283 
8.5040350 
8.5086417 
85182435 
8.5178403 
85274321 
8.5270189 
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Reciprocals, 


001788909 


001785714 
001782581 
001779359 
001776199 
001773050 
001769912 
001766784 
001763668 
001760568 
001757469 


001754886 
001751818 
001 748252 
001745201 
001742160 
001739180 
001736111 
001733102 
001780104 
001727116 
001724198 
001721170 
001718218 
001715266 
001712829 
001709402 
001706485 
001703578 
001700680 
00109798 
001694915 
001692047 
001689189 
001686341 
-001683502 
"001680672 
001677852 
001675042 
001672241 
001669449 


001666667 
001668894 
-001661130 
-001 658375 
001655629 
001652893 
-001650165 
001647446 
001644737 
-001642036 


901639344 
001636661 
001688987 
001681821 
001628664 
-001626016 
001628877 
001620746 
-001618123 
-001615509 
-001612908 
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No. |Squares.|, Cubes. Squere Cube Roots. | Reciprocals, 
621 | 385641 | 239483061 24,9198716 8.5316009 -001610306 
622 | 386884 | 240641848 i 9399278 85361780 '001607717 
623 | 388129 | 241804867 249599679 8.5407501 “001605136 
624 | 389376 | 242970624 24. 9799920 8.5453173 *001602564 
625 | 390625 | 244140625 250000000 8.5498797 +001600000 
626 | 391876 | 245314376 25. 0199920 8.5544372 001597444 
627 | 393129 | 246491883 25. 0399681 85589899 .001594896 
628 | 304384 | 247673152 25. 0599282 85635377 -001592357 
629 | 395641 | 248858189 25 0798724 8.5680807 -001589825 
630 | 396900 | 250047000 25 .0998008 8.5726189 .001587302 
631 | 398161 | 251239591 25.1197134 8.571523 “001584786 
632 | 399424 | 252435968 95. 1396102 85816809 *001582278 
633 | 400689 | 253636137 25. 1594913 85862047 5001579779 
634 | 401956 | 254840104 25.1793566 85907238 "001577287 
635 | 403225 | 256047875 25. 1992063 85952380 (001574803 
636 | 404496 | 257259456 252190404 8.5997476 "001572327 
637 | 405769 | 258474853 25, 2388589 8 6042525 "001569859 
638 | 407044 | 259694072 25 2586619 86087526 “001567398 
639 | 408321 | 260917119 25 .2784493 86132480 +001564945 
640 | 409600 | 262144000 25. 2982213 8.6177388 .001562500 
641 | 410881 | 263374721 25.3179778 8 6222248 +001560062 
642 | 412164 | 264609288 25. 3377189 86267063 -001557632 
643 | 413449 | 265847707 25. 3574447 §.6311830 *001555210 
644 | 414736 | 267089984 25. 8771551 86356551 "001552795 
645 | 416025 | 268336125 = 3968502 86401226 “001550388 
646 | 417316 | 269586136 254165301 8 .6445855 7001547988 
647 | 418609 | 270840023 254361947 8.6490437 °001545595 
419904 | 272097792 25. 4558441 8.6534974 (001543210 
649 | 421201 | 273359449 25.4754784 86579465 “001540832 
650 | 422500 | 274625000 25.4950976 8 .6623911 001538462 
651 | 423801 | 275894451 25.5147016 86668310 "001536098 
652 ) 425104 | 277167808 255342907 8.6712665 “001533742 
653 | 426409 | 278445077 25 5538647 8.6756974 “001531394 
654 716 | 279726264 95 .5734237 86801237 5001529052 
655 | 429025 | 281011375 255929678 8 .6845456 °001526718 
656 | 430336 | 282300416 25. 6124969 86889630 1001524390 
657 | 431649 | 283593393 256320112 86933759 1001522070 
658 | 432964 | 284890312 25.6515107 8.697843 1001519757 
659 | 434281 | 286191179 25.6709953 8. 7021882 1001517451 
660 | 435600 | 287496000 25, 6904652 8.70658 
661 | 436921 | 288804781 25.7099203 8 r109007 SOILLeee 
662 | 438244 | 290117528 25.7293607 87153734 001510574 
663 | 439569 | 291434947 957487864 8.197596 1001508296 
664 | 440896 | 292754944 257681975 8.7241414 +001506024 
665 | 442225 | 294079625 25.7875939 8.7285187 £001503759 
666 | 443556 | 295408296 25. 8069758 8.7328918 1001501502 
667 | 444889 | 296740963 95.8263431 8.372604 "001499250 
668 | 446224 | 298077632 25 8456960 8.7416246 *001497006 
669 | 447561 | 299418309 95 8650343 8.7459846 1001494768 
670 | 448900 | 300763000 25. ” 25 
ari (aso, |s s0aiit:. || oeceoneery || oa veaeais “001490818 
672 | 451584 | 303464448 259229628 8.'7590383 +001488095 
673 | 452929 | 304821217 25. 9422435 8.7633809 +001485884 
674 306182024 25. 9615100 8.767192 001483680 
675 | 455625 | 307546875 25. 9807621 8.720532 .00148148i 
676 | 456976 | 308915776 26 0000000 87763830 100147 
677 | 458329 | 310288733 260192237 8.'7807084 001477105 
678 | 459684 | 311665752 260384331 87850296 -001474926 
679 | 461041 | 313046839 26 0576284 8.7893466 1001472754 
680 | 462400 | 314432000 26.0768 iy 
681 | 463761 | 815821241 36. 96976" aan TLtneee 
682 | 465124 | 317214568 26. 1151297 8. 8022721 -001466276 
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No. |Squares. | Cubes, Sy Cube Roots, | Reciprocals. 
683. 466489 318611987 26.1342687 88065722 .001464129 
684 467856 820013504 26 .15388937 8. 8108681 .001461988 
685 469225 321419125 26 .1725047 8.8151598 .001459854. 
686 470596 822828856 26.1916017 8.8194474 .001457726 
687 471969 324242703 26.2106848 8 .8237307 -001455604 
688 473344 325660672 26 2297541 8.8280099 .001453488 
689 474721 327082769 26..2488095 8.8322850 -001451379 
690 476100 828509000 26.2678511 8. 8865559 .001449275 
691 477481 329989371 26.2868789 8.8408227 .001447178 
692 478864 331373888 26 .8058929 8.8450854 001445087 
693 480249 382812557 26. 8248932 8.8493440 .001443001 
694 481636 334255384 26.3438797 88535985 .001440922 
695 | 483025 835702375 26.38628527 8.8578489 .001438849 
696 484416 837153536 26 .3818119 8.8620952 .001436782 
697 485809 338608873 26.4007576 8.8663375 .001434720 © 
698 487204 340068392 26.4196896 8.8705757 .001432665 
699 488601 3415382099 264386081 8.8748099 .001480615 
700 490000 343000000 26. 4575131 8.8790400 .001428571 
701 491401 344472101 26.4764046 8.8832661 .001426534 
702 492804 845948408 26. 4952826 8.8874882 .001424501 
703 494209 347428927 26.5141472 8.8917063 .001422475 
704. 495616 348913664 26.5329983 8.8959204 .001420455 
"05 497025 350402625 26.5518361 8.9001304 .001418440 
706 498436 351895816 26.5706605 89043366. .001416431 
07 499849 853393243 265894716 8.9085387 001414427 
708 501264 354894912 26. 6082694 8.9127369 . 001412429 
709 502681 356400829 26 6270539 8.9169311 . 001410437 
710 504100 357911000 26 6458252 8.9211214 ,001408451 
711 505521 359425431 26 .6645833 8.9253078 .001406470 
712 506944 860944128 26. 6833281 8.9294902 .001404494 
713 508369 862467097 26.7020598 8.9336687 , 001402525 
714 509796 863994344 26 .'7207784 8.9378433 .001400560 
715 511225 365525875 26.7394839 8.9420140 .001398601 
716 512656 867061696 26 .'7581763 8.9461809 .001396648 
17 514089 868601813 26 .7768557 8.9503483, .001394700 
718 515524 370146232 26 ..7955220 8. 9545029 .001392758 
119 516961 371694959 26 8141754 8.9586581 .001390821 
720 518400 873248000 26 8328157 8 .9628095, .001388889 
721 519841 374805361 26 8514432 8.9669570 , 401386963 
722 521284 376367048 268700577 8.9711007 . 001385042 
723 522729 377933067 26 8886593 8.9752406 . 001388126 
724 524176 3879503424. 26. 9072481 8.9793766 .001381215 
725 525625 881078125 26 . 9258240 8.9835089 .001379310 
726 527076 882657176 26 9443872 8. 9876373, .0013877410 
Y27 528529 884240583 26. 9629375 8.9917620 .0013875516 
728 529984 885828352 26.9814751 8.9958829 .001373626 
729 531441 887420489 270000000 9.000000 .001871742 
730 532900 889017000 27 0185122 9.0041134 .001369863 
W731 534361 890617891 270870117 90082229 .001367989 
732 535824 892223168 27 0554985 9 0123288 .001866120 
733 537289 893832837 27 0739727 9.016409 .001364256 
734 38756 395446904 27 0924344 9.0205293 .001362398 
735 540225 397065375 271108834 90246239 .001360544 
736 541696 898688256 27 1298199 9.0287149 .001358696 
"737 543169 400315553 | 27.1477439 90328021 .001356852 
738 544644 401947272 27.1661554 90368857 .001355624 
739 546121 403583419 27 .1845544 90409655 .001353180 
740 547600 405224000 27 2029410 90450417 .001351351 
741 549081 406869021 27 .2213152 9.0491142 .001349528 
742 550564 408518488 27 2396769 90581831 .001347709 
743, 552049 410172407 27 2580263 9 .0572482 .001345895 
744 553536 411830784 27.2763634 9.0613098 .001344086 
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No. | Squares. Cubes. mee Cube Roots. | Reciprocals. 
745 555025 413493625 .| 27.2946881 90658677 | .001342282 
746 556516 415160936 \ 27.3130006 9.0694220 | 1001340483 
WA? 558009 416832723 | 27.3813007 9.0734726 | .001338688 
748 559504 418508992 | 27.3495887 9.0775197 | 001336898 
749 561001 420189749 | 27.3678644 9.0815631 | 001335113 
750 562500 421875000 | 27.3861279 9.0856030 | .001333333 
51 564001 423564751 | 27.4043792 9.0896392 | 1001331558 
752 565504 425259008 | 27.4226184 9.0936719 | 1001329787 
"53 567009 426957777 | 27.4408455 9.0977010 | 1001328021 
754 568516 428661064 | 27.4590604 9.1017265 | 1001326260 
255 570025 430368875 | 27.4772638 9.1057485 | 001324503 
756 571536 432081216 | 27.4954542 9.1097669 | 001322751 
"57 573049 433798093 | 27.5136330 9.1137818._| 001321004 
758 574564 435519512 | 27.5817998 9.1177931 | 1001319261 
759 576081 437245479 | 27.5499546 9.1218010 | 001317523 
760 577600 438976000 | 27.5680975 9.1258053 | 001315789 
"61 579121 440711081 | 27.5862284 9.1298061 | 001314060 
762 580644 442450728 | 27.6043475 9.1338034 | 1001312336 
763 582169 444194947 | 27.6224546 9.1377971 | .001310616 
764 583696 445943744 | 27.6405499 9.1417874 | 001308901 
765 585225 447697125 | 27.6586334 9.1457742 | 001307190 
766 586756 | 449455096 | 27.6767050 9.1497576 | .001305483 
"67 598289 | 451217663 | 27.6947648 9.1587375 | 001303781 
768 589824 | 452984832 | 27.7128129 9.1577139 | .001302083 
769 591361 454756609 | 27.7308492 9.1616869 | .001300390 
770 592900 456533000 | 27.'7488739 9.1656565 | 001298701 
vue 594441 458314011 | 27.7668868 9.1696225 | 001297017 
772 595984 460099648 | 27.'7848880 9.1735852 | 1001295837 
rie 597529 461889917 | 27.802877 9.175445 | 1001293661 
774 599076 463684824 | 27.8208555 9.1815003 | 001291990 
775 600625 465484375 | 27.8388218 9.1854527 | 001290323 
Y6 602176 467288576 | 27.8567766 9.1894018 | 001288660 
v7 603729 469097433 | 27.8747197 9.1988474 | [001287001 
278 605284 470910952 | 27.8926514 9.1972897 | 1001285347 
779 606841 472729139 | 27.9105715 9.2012286 | 1001283697 
780 608400 474552000 | 27.9284801 : 
781 609961 476379541 | 279463772 9 a0D0e62 “OIREDHIO 
782 611524 478211768 | 27.9642629 9.2130250 | 001978772 
783 613089 480048687 | 27.9821372 9.2169505 | .001277139 
784 614656 481890304 | 28.0000000 92208726 | 001275510 
785 616225 488736625 | 28.0178515 9.2247914 | .001273885 
786 617796 485587656 | 28.0356915 9.2287068 | 001272265 
787 619369 487443403 | 28.0535203 92326189 | 001270648 
788 620944 489303872 | 28.0713377 92365277 | 001269036 
789 622521 491169069 | 28.0891438 9.2404883 | 1001267427 
790 624100 493039000 | 28.1 582 
791 easet’ | ananiaed | ae toriess op eagerey Hl bor eeces 
792 627264 496793088 | 28.1424946 9.2521300 | 001262626 
793 628849 498677257 | 28.1602557 9.2560224 | 001261034 
794 630436 500566184 | 28.1780056 9.2599114 | 001259446 
795 632025 502459875 | 28.1957444. 92637973 | 001257862 
796 633616 504358336 | 28.2134720 9.2676798 | 1001256281 
797 635209 506261573 | 28.2311884 9.2715592 | 1001254705 
798 636804 508169592 | 28.2488988 9.2754352 | 1001953133 
638401 510082399 | 28.2665881 9.2793081 | 1001251564 
800 640000 512000000 | 28. 
801 641601 513922401 ce anole eat “O1218i59 
802 643204 515849608 | 28.3196045 9.2909072 | 1001246883 
803 644809 517781627 | 28.3872546 9.294671 .001245330 
$04 646416 519718464 | 283548038 9.2986239 | 1001243781 
805 648025 521660125 | 28.3725219 9.024775 | 1001242936 
649636 523606616 | 28.3901391 9.3063278 | .001240695 
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CUBE ROOTS, AND RECIPROCALS 
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No. Squares. 








807 651249 
808 652864 
809 654481 
810 656100 
811 657721 
&12 659344 
813 660969 
814 §62596 
815 664225 
816 665856 
817 667489 
818 669124 
819 70761 
820 72400 
821 674041 
822 675684 
823 677329 
824 6789) 

825 680625 
826 682276 
827 683929 
828 685584 
829 687241 
830 688900 
831 690561 
832 692224 
833 693889 
834 695556 
835 697225 
836 698896 
837 700569 
838 702244 
832 703921 
840 705600 
841 707281 
842 708964 
843 710649 
844 712336 
845 714025 
846 715716 
847 717409 
848 719104 
849 720801 
850 722500 
851 [24201 
852 725904 
853 727609 
854 729316 
855 731025 
856 732736 
857 734449 
858 736164 
859 737881 
860 739600 
861 741321 
862 743044 
863 744769 
864 746496 
865 748225 
866 749956 
867 751689 
868 753424 





Cubes, 


525557943 
527514112 
529475129 


531441000 
533411731 
535387328 
537367797 
539353144 
541843375 
5433384 


549353259 


551368000 
553387661 
555412248 
557441767 
559476224 
561515625 
563559976 
565609283 
567663552 
569722789 


571787000 
573856191 
575930368 
578009537 
580093704 
582182875 
584277056 
586376253 
588480472 
590589719 


592704000 
594823321 
596947688 
599077107 
601211584 
603351125 
605495736 
607645423 
609800192 
611960049 


614125000 
616295051 
618470208 
620650477 
622835864 
625026375 
627222016 
629422793 
631628712 
633839779 


636056000 
638277381 
640503928 
642735647 
644972544 
647214625 
649461896 
651714363 
653972032 





Square 
Roots, 


284077454 
28 . 4253408 
28. 4429253 
28 4604989 
28.4780617 
28 4956137 
28.5181549 
285306852 
285482048 
285657137 
28.5832119 
28.6006993 
28.6181760 


28. 6356421 
28. 6530976 
28.6705424 
286879766 
28. 7054002 
28 .7228132 
28.7402157 
28.7576077 
28. 7749891 
28.7923601 


28 8097206 
28 8270706 
288444102 
28. 8617394 
28.8790582 
28. 8963666 
28 9136646 
28 9309523 
28. 9482207 
289654967 


28. 9827535 


290344623 
290516781 
29 0688837 
29.0860791 
29. 10382644 
29. 1204396 
29.13876046 


29. 1547595 
29.1719043 
29. 1890390 
29 2061637 
29 2282784 
29. 2403830 
29. 2574777 
292745623 
29.2916370 
293087018 


29.8257566 
29.3428015 
29 3598365 
293768616 
29. 3938769 
29 4108823 
29.4278779 
29.4448637 
29.4618397 








Cube Roots. 





9.3140190 
9.3178599 


93216975 
93255320 
9.3293634 
9.3331916 
9.3370167 
9 8408386 
9.3446575 
98484731 
93522857 
98560952 


93599016 
93637049 
9.3675051 
93713022 
9.3750963 
93788873 
93826752 
9.3864600 
9.3902419 
9.38940206 


9.397964 
9.4015691 
94058387 
9.4091054 
9.4128690 
9.4166297 
9.4203873 
94241420 
9.4278936 
9.4816423 


9 .4353880 
94391307 
9 4428704 
9.4466072 
9. 4503410 
9.4540719 
9.4577999 
9.4615249 
9. 4652470 
9.4689661 


9. 4726824 
9.4763957 
9.4801061 
9. 4838136 
9. 4875182 
9.4912200 
9.4949188 
9.4986147 
95023078 
9.5059980 


9.5096854 
9.5133699 
9.5170515 
9.5207303 
9.5244063 
9.5280794 
9.5317497 
9.5354172 
9.53890818 


9.8101750 
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Reciprocals. 





-001289157 
-001237624 
001236094 


001284568 
-001233046 
-001231527 
-001280012 
-001228501 
001226994 

-001225490 

001223990 

-001222494 
001221001 


-001219512 
-001218027 
001216545 
-001215067 
+001213592 
-001212121 
-001210654 
-001209190 
-001207729 
-001206273 


-001204819 
001203369 
-001201923 
-001200480 
-001199041 
-001197605 
-001196172 
-001194743 
-001193317 
-001191895 


-001190476 
-001189061 
-001187648 
-001186240 
-001184834 
001183432 
-001182033 
-001180638 
-001179245 
-00117'7856 


001176471 
-001175088 
-001173709 
-001172333 
001170960 
-001169591 
-001168224 
-001166861 
-001165504 
-001164144 


-001162791 
-001161440 
-001160093 
001158749 
.001157407 
.001156069 
001154734 
-001158403 
001152074 


EY 
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No. Squares. Cubes. Fauare 

869 755161 656234909 29 .4788059 
870 756900 658503000 Xe9_ 4957624 
871 758641 660776311 295127091 
872 760384 663054848 29 5296461 
873 162129 665338617 29 5465734 
874 763876 667627624 29 5634910 
875 (65625 669921875 29..5803989 
876 7167376 672221376 29.5972972 
877 769129 674526133 296141858 
878 770884 676836152 29.6310648 
879 (72641 679151439 29. 6479342 
880 774400 681472000 29.6647939 
881 776161 683797841 29.6816442 
882 TVT924 686128968 296984848 
883 779689 688465387 29.7153159 
884 781456 690807104 29.7821375 
885 (88225 698154125 297489496 
886 784996 695506456 29. 7657521 
887 786769 697864103 29. 7825452 
888 788544 700227072 29. 7993289 
889 790321 702595369 29.8161030 
890 792100 704969000 29.8328678 
891 793881 707347971 29 8496231 
892 (95664 709732288 29.8663690 
893 797449 712121957 29 .8831056 
894 799236 714516984 29 8998328 
895 801025 716917375 29.9165506 
896 802816 719323136 299332591 
897 804609 (21734273 29 9499583 
898 806404 724150792 29.9666481 
899 808201 926572699 _| 29.9833287 
900 810000 729000000 30.0000000 
901 811801 731482701 30.0166620 
902 813604 733870808 30.0333148 
903 815409 736314327 30 .0499584 
904 817216 738763264 30. 0665928 
905 819025 741217625 30.0832179 
906 820836 743677416 30 .0998339 
907 822649 746142643 30. 1164407 
908 824464 748613312 80.1330383 
909 826281 751089429 80. 1496269 
910 828100 753571000 30! 1662063 
911 829921 756058031 80.1827765 
912 831744 758550528 380.1993377 
913 833569 761048497 80.2158899 
914 835396 763551944 80. 2324329 
915 837225 766060875 30.2489669 
916 839056 768575296 80.2654919 
917 840889 771095213 80.2820079 
918 842724 773620632 30 .2985148 
919 844561 776151559 80.3150128 
920 846400 778688000 30.3315018 
921 848241 781229961 30.3479818 
922 850084 783777448 80.3644529 
923 851929 786330467 80.3809151 
924 853776 788889024 30.3973683 
925 855625 791453125 80.4138127 
926 857476 794022776 80. 4302481 
927 859329 796597983 30.4466747 
928 861184 799178752 30.4630924 
929 863041 801765089 80.4795013 
930 864900 804357000 80.4959014 








Cube Roots. 


95427437 


9.5464027 
95500589 
95537123 
95573630 
9.5610108 
95646559 
95682982 | 
9.571937 
9.5755745 
9.5792085 


95828397 
95864682 
9.5900939 
9.5937169 
9.5973873 
96009548 
9.6045696 
9.6081817 
9.6117911 
9.615397 


9.6190017 
96226030 
96262016 
9.6297975 
9.6333907 
9.6369812 
96405690 
9.6441542 
9.6477367 
9.6513166 


96548938 
9. 6584684 
96620403 
9.6656096 
96691762 
96727403 
9.6763017 
9.6798604 
96834166 
9.6869701 


96905211 
9.6940694 
9.6976151 
9.7011583 
9.7046989 
9 .'7082369 
9.711723 
9.7153051 
9.7188354 
9.7223631 


97258883 
9 .7294109 
9.'7329809 


9.7484758 
9.7469857 
9.'7504930 
9.'7539979 
9. 7575002 
9.610001 





‘ 


Reciprocals. 


001150748 


001149425 
.001148106 
-001146789 
001145475 
-001144165 
-001142857 
.001141553 
-001140251 
-001188952 
001187656 


001136364 
001135074 
001133787 
-001182503 
.001181222 
-001129944 
-001128668 
-001127396 
001126126 
-001124859 


-001123596 
001122334 
-001121076 
001119821 
-001118568 
.001117318 
-001116071 
-001114827 
-001118586 
001112347 


.001111111 
.001109878 
. 001108647 
.001107420 
001106195 
001104972 
001103753 
-001102586 
-001101322 
-001100110 


-001098901 
.001097695 
001096491 
001095290 
-001094092 
.001092896 
-001091708 
001090513 
-001089325 
-0010881389 


-001086957 
-001085776 
-001084599 
-001083424 
001082251 
-001081081 
001079914 
-001078749 
001077586 
-001076426 
-001075269 














CUBE ROOTS, AND RECIPROCALS 
a 


Squares, 





866761 
868624 
870489 
872356 
874225 
876096 
877969 
879844 
881721 


883600 
885481 
887364 
889249 
891136 
893025 
894916 
896809 
898704 
900601 


. 956484 
958441 


960400 
962361 
964324 
966289 
968256 
970225 
972196 
974169 
976144 
978121 


980100 
982081 
984064 








Cubes. 


806954491 
809557568 
‘812166237 
814780504 


822656953 
825293672 
827936019 
830584000 
833237621 
835896888 
838561807 
841232384 
843908625 
846590536 
849278123 
851971392 
854670349 


857375000 
860085351 
862801408 
865523177 
868250664 
870983875 
873722816 
876467493 
879217912 
881974079 
884736000 
887503681 
890277128 
893056347 
895841344 
8986382125 


907039282 
909853209 


912673000 
915498611 
918330048 
921167317 
924010424 
926859375 
929714176 
932574833 
935441352 
938313739 


941192000 
944076141 
946966168 
949862087 
952763904 
955671625 
958585256 
961504803 
964430272 
967361669 


970299000 
978242271 
976191488 








Square 
Roots. 


30.5122926 
80 .5286750 
80.5450487 
80.5614186 
80.577769? 
80.5941171 
80 .6104557 
80.6267857 
30.6431069 


80.6594194 
80.6757283 
80.6920185 
30.'7083051 
80.7245830 
80.'7408523 
80.7571180 
30.7733651 
380.'7896086 
308058436 


80.8220700 
30.8382879 
80.8544972 
30.8706981 
380 .8868904 
380.9030743 
30.9192497 
80.9354166 
30.9515751 
80.9677251 


30.9838668 
31 .0000000 
31.0161248 
31.0322413 
81.0483494 
31 .0644491 
81 .0805405 
81 .0966236 
81.1126984 
81.1287648 


81. 1448230 
81.1608729 
81.1769145 
81.1929479 
81.2089731 
31.2249900 
812409987 
81. 2569992 
81.2729915 
812889757 


81.3049517 
81.3209195 
81.3368792 
31.3528308 
81.3687743 
31.3847097 
31.4006369 
81.4165561 
31. 4324673 
81.4483704 


31. 4642654 
31.4801525 
31.4960315 





Cube Roots. 


9.7644974 
9. 7679922 
9.7'714845 
9.749748 
9.7784616 
9.7819466 
9 7854288 
9.889087 
9.7923861 
9.7958611 
97993336 
9.8028036 
9.8062711 
9.8097362 
9.8131989 
9.8166591 
9.8201169 
98285723 
98270252 


9.8804757 
98339238 
9.8373695 


9.8511280 
9.8545617 
9.8579929 
9.8614218 


98648483 
98682724 
9.8716941 
9.87511385 
98785305 
9.8819451 
98853574 
9.8887673 
9.8921749 
9.8955801 


§.8989830 
9023835 


9. 

9.9057817 
9. 9091776 
9.9125712 
9.9159624 
9.9198513 
9.9227379 
9.9261222 
9.9295042 


9.98288389 
9.9362613 
9.9896363 
9. 9480092 
9.9463797 
9.9497479 
9 9531188 
9.956475 
9.9598389 
9.9681981 


9.9665549 
9.9699095 
9.9782619 


79 


Reciprocails, 








-001074114 
-001072961 
-001071811 
-001070664 
-001069519 
-001068376 
-001067236 
-001066098 
-001064963 


- 0010638830 
-001062699 
-001061571 
001060445 
-001059822 
-001058201 
-001057082 
-001055966 
-001054852 
-001053741 


-001052682 
-001051525 
-001050420 
-001049318 
-001048218 
-001047120 
001046025 
-001044932 
-001048841 
001042753 


001041667 
.001040583 
-001039501 
-001038422 
-001037344 
-001036269 
001035197 
-001084126 
001033058 
-001081992 


001030928 
-001029866 
-001028807 
-001027749 
-001026694 
-001025641 
-001024590 
-001023541 
001022495 
-001021450 


-001020408 
.001019368 
001018380 
-001017294 
.001016260 
-001015228 
.001014199 
001013171 
.001012146 
001011122 


001010101 
-001009082 
-001008065 


— 





TABLE XXIII.—SQUARES, CUBES, SQUARE ROOTS 
pio anne Se 


Squares., 


986049 
9388036 
990025 
992016 
994009 
996004 
998001 
1000000 


1002001 
1004004 
1006009 
1008016 
1010025 
1012036 
1014049 
1016064 
1018081 
1020100 


1022121 
1024144 
1026169 
1028196 
1030225 
1032256 
1034289 
1036324 
1038361 
1040400 


1042441 
1044484 
1046529 
1048576 
1050625 
1052676 
1054729 
1056784 
1058841 
1060900 


1062961 
1065024 
1067089 
1069156 
1071225 
1073296 
1075369 
1077444 
1079521 
1081600 
1083681 
1085764 
1087849 
1089936 
1092025 
1094116 
1096209 
1098304 
1100401 
1102500 


1104601 
1106704 
1108809 
1110916 











Cubes. 


979146657 
982107784 
985074875 
988047936 
991026973 
994011992 
997002999 
1000000000 


1003003001 
1006012008 
1009027027 
1012048064 
1015075125 
1018108216 
1021147343 
1024192512 
1027243729 
1030301000 


1033364331 
10361433728 
1039509197 
1042590744 
1045678375 
1048772096 
1051871913 
1054977832 
1058089859 
1061208000 


1064332261 
1067462648 
1070599167 
1073741824 
1076890625 
1080045576 
1083206683 
1086373952 
1089547389 
1092727000 


1095912791 
1099104768 
1102302937 
1105507304 
1108717875 
1111934656 
1115157653 
1118386872 
1121622319 
1124864000 


1128111921 
1131366088 
1134626507 
1137893184 
1141166125 
1144445336 
1147730823 
1151022592 
1154320649 
1157625000 


1160935651 
1164252608 
1167575877 
1170905464 





Square 
Roots. 


81.5119025 
5277655 
5436206 
31.5594677 
31.5753068 
31.5911380 
31 .6069613 
31.6227766 


31. 6385840 
31.6543836 
31.6701752 
31.6859590 
31.7017349 
31.7175030 
31. 7332633 
- 7490157 
31.7647603 
81.7804972 


31. 7962262 
31.8119474 
31.8276609 
81.8433666 
31.8590646 
31.8747549 
31.8904374 
81.9061123 
31.9217794 
31.9374388 


81.9530906 
31. 9687347 
31.9843712 
32.0000000 
82.0156212 
32.0312348 
32. 0468407 
82.0624391 
82.0780298 
32.093613) 


82. 1091887 
82. 1247568 
82. 1403173 
32.1558704 
82.1714159 
82. 1869539 
82 .2024844 
32.2180074 
82. 2335229 
82.2490310 
82. 2645316 
82. 2800248 
82. 2955105 
32.38109888 
32.3264598 
32.3419233 
82.3573794 
82.3728281 
82 .3882695 
82 .4037035 


82.4191301 
52.4345495 
82.4499615 
382 .4653662 





oo 
ie 








Cube Roots. 


9.9766120 
9.9799599 
9 .9833055 
99866488 
9.9899900 
99933289 
99966656 
10.0000000 


10.0038322 
10.0066622 
10.0099899 
10.01338155 
10.0166889: 
10.0199601 
10.0282791 
10.0265958 
10.0299104 
10.0332228 


10.0365330 
10.0398410 
10.0431469 
10.0464506 
10.0497521 
10.0530514 
10.0563485 
10.0596435 
10.0629364 
10.0662271 


10.0695156 
10.0728020 
10.0760863 
10.0793684 
10.0826484 
10.0859262 
10.0892019 
100924755 
10.0957469 
10.0990163 


10. 1022835 
10.1055487 
10. 1088117 
10.1120726 
10.1153314 
10.1185882 
10 .1218428 
10 1250953 
10 1283457 
10.1815941 


10. 1348403 
10.1380845 
10.1413266 
10. 1445667 
10.1478047 
10. 1510406 
10. 1542744 
10. 1575062 
10. 1607359 
10.1639636 


10. 1671893 
10.1704129 
10.1736344 
10.1768539 








Reciprocals. 


.001007049 
-001006036 
-001005025 
-001004016 


-0009990010 
-0009980040 
-0009970090 
-0009960159 
-0009950249 
- 0009940358 
- 0009930487 
- 0009920635, 
-0009910803 
.0009900990 


-0009891197 
-0009881423 
-0009871663 
.0009861933 
-0009852217 
-000984252C 
-0009832842 
-0009823183 
-0009813543 
-0009803922 


-0009794319 
-0009784736 
-00097 75171 
-0009765625 
-00097560u8 
-0009746589 
-0009737098 
-0009727626 
-0009718173 
-0009708738 


.0009699321 
0009689922 
.0009680542 
-0009671180 
- 0009661836 
-0009652510 
-0009643202 
-0009633911 
-0009624639 
0009615385 


-0009606148 
-0009596929 
-0009587728 
-0009578544 
-0009569378 
-0009560229 
-0009551098 
-0009541985 
-0009532888 
-0009523810 


-0009514748 
-0009505703 
-0009496676 
0009487666 


ET 


TABLE XXIV.—LOGARITHMS OF NUMBERS 81 
Se ay ere 


















































No. 100 L. 000.] [No. 109 L. 040, 

ea ee Ee hie ee ee 

N.| 0 1 2 3 4 6 6 7 8 9 | Diff, 

100 | 000000 | 0434 | 0868 | 1301 | 1734 || 2166 | 2598 | 3029 | 3461 | 3801 | 432 

1| 4821 | 4751 | 5181 | 5609 | 6038 || 6466 | 6894 | 7321 | 7748 | 8174 | 428 
nL SOC: | GORE si GAG ist ORG |e ea he ee 

——— —| 0300 || 0724 | 1147 | 1570 | 1998 | 2415 | 404 

3 | 012887 | 3259 | 8680 | 4100 | 4521 || 4940 | 5360 | 5779 | 6197 | 6616 | 420 
4} 7033 | 7451 | 7868 | 8284 | 8700 |] 9116 | 9582 | 9947 |_| __ 

——_|—_—_| |__| |__| 0361 | ov | 416 

5 | 021189 | 1603 | 2016 | 2428 | 2841 || 3252 | 3664 | 4075 | 4486 | 4896 | 412 

. ae 28 6125 | 6533 | 6942 || 7850 | 7757 | 8164 | 8571 | 8978 | 408 

FRO Sf sare Sma Bioresiae  eanef Ueeeianlh teeth a 

0195 | 0600 | 1004 |} 1408 | 1812 | 2216 | 2619 | 8021 | 404 

8 | 033424 | 3826 | 4227 | 4628 | 5029 || 5430 | 5830 | 6280 | 6629 | 028 | 400 
9 7426 | 7825 | 8223 | 8620 | 9017 || 9414 | 9811 |——_—|———-| ——__ 

04 0207 | 0602 | 0998 | 397 

CE a et tl di 











PROPORTIONAL Parts. 









































ee 
Diff. I 2 3 4 5 6 v 8 9 

434 | 43.4) 86.8 130.2 | 178.6) 217.0 | 260.4] 303.8] 347.2 | 390.6 
433 | 43.3] 86.6 129.9 | 178.2] 216.5 | 259.8] 303.1 | 3846.4 | 389.7 
432 | 43.2] 86.4 129.6 | 172.8 | 216.0] 259.2] 802.4 | 345.6 | 388.8 
41 | 43.1] 86.2 129.3 | 172.4! 215.5] 258.6; 301.7 | 344.8 ! 387.9 
430 | 48.0] 86.0 129.0 | 172.0] 215.0 | 258.0] 301.0] 3844.0 | 387.0 
429 | 42.9] 85.8 128.7 | 171.6 | 214.5 |} 257.4] 300.3) 348.2 | 386.1 
428 | 42.8] 85.6 128.4 | 171.2} 214.0] 256.8] 299.6 | 342.4 | 385.2 
427 | 42.7 | 85.4 128.1 | 170.8] 213.5 | 256.2] 298.9] 341.6 | 384.3 
426 | 42.6] 85.2 127.8 70.4 | 213.0] 255.6} 298.2] 340.8 | 383.4 
425 | 42.5] 85.0 127.5 | 170.0 | 212.5 | 255.0} 297.5] 3840.0 | 382.5 
424 | 42.4] 84.8 127.2 | 169.6} 212.0} 254.4] 296.8] 389.2 | 381.6 
423 | 42.3] &6 126.9 | 169.2] 211.5 | 253.8] 296.1] 838.4 | 380.7 
422 | 42.2) 84.4 126.6 | 168.8] 211.0] 253.2 | 295.4} 887.6 | 379.8 
421 | 42.1] 84.2 126.3 | 168.4 | 210.5) 252.6] 294.7] 3836.8 | 378.9 
420 | 42.0) 84.0 126.0 | 168.0] 210.0] 252.0} 294.0] 836.0 | 378.0 
419 | 41.9] 83.8 125.7 | 167.6 | 209.5) 251.4] 298.38] 335.2 | 377.1 
418 | 41.8] 83.6 125.4 | 167.2 | 209.0] 250.8] 292.6 | 3834.4 | 376.2 
417 | 41.7 | 83.4 125.1 | 166.8 | 208.5 | 250.2] 291.9] 388.6 | 375.3 
416 | 41.6] 838.2 124.8 | 166.4 | 208.0] 249.6] 291.2] 382.8 | 374.4 
415 | 41.5] 83.0 124.5 | 166.0 | 207.5) 249.0] 290.5 | 382.0] 373.5 
414 | 41.4] 82.8 124.2 | 165.6 | 207.0] 248.4] 289.8] 331.2 | 372.6 
413 | 41.3 | 82.6 123.9 | 165.2 | 206.5] 247.8] 289.1] 380.4 | 371.7 
412 | 41.2 | 82.4 123.6 | 164.8 | 206.0} 247.2] 288.4] 3829.6 | 370.8 
441 | 41.1] 82.2 123.3 | 164.4 | 205.5 | 246.6 | 287.7] 828.8 | 369.9 
410 | 41.0] 82.0 123.0 | 164.0] 205.0 | 246.0] 287.0} 328.0 | 369.0 
409 | 40.9] 81.8 122.7 | 163.6 | 204.5 | 245.4] 286.3] 327.2} 368.1 
408 | 40.8} 81.6 122.4 | 163.2 | 204.0) 244.8] 285.6] 826.4 | 367.2 
407 | 40.7 | 81.4 122.1 | 162.8 | 203.5 | 244.2 | 284.9] 825.6 | 366.3 
406 | 40.6 | 81.2 121.8 | 162.4 | 203.0} 236] 284.2] 3824.8 | 365.4 
405 | 40.5] 81.0 121.5 | 162.0} 202.5 | 243.0] 283.5] 324.0 | 364.5 
404 | 40.4] 80.8 121.2} 161.6 | 202.0) 242.4] 282.8] 823.2 | 363.6 
403 | 40.3] 80.6 120.9 | 161.2 | 201.5 | 241.8] 282.1 | 322.4 | 362.7 
402 | 40.2} 80.4 120.6 | 160.8 | 201.0} 241.2] 281.4] 321.6 | 361.8 
401 | 40.1 | 80.2 120.3 | 160.4 | 200.5) 240.6] 280.7] 320.8 | 360.9 
400 | 40.0} 80:0 120.0 | 160.0] 200.0} 240.0] 280.0] 3820.0 | 360.0 
899 | 39.9] 79.8 119.7 | 159.6 | 199.5} 289.4] 279.3) 3819.2] 359.1 
898 | 39.8} 79.6 119.4} 159.2] 199.0] 288.8] 278.6] 318.4 | 358.2 
397 | 389.7 | 79.4 119.1} 158.8} 198.5) 2388.2] 277.9] 317.6 | 357 3 
396 | 39.6 | 79.2 118.8 | 158.4} 198.0] 2387.6] 277.2 | 316.8 | 356.4 
395 | 39.5) 79.0 118.5] 158.0 | 197.5! 287.0! 276.5! 3160! 355.5 











82 TABLE XXIV.—LOGARITHMS OF NUMBERS 


aan ee ooyss= 


No. 110 L. 041.] [No. 119 L. 078. 




















N, 0 1 2 8 4 5 6 a 








110 | 041893 | 1787 | 2182 | 2576 | 2969 || 2362 | 3755 | 4148 | 4540 | 4932 | 393 
1 5823 | 5714 | 6105 | 6495 | 6885 |) 7276 | 7664 | 8053 | 8442 | 8830 | 390 
2 9218 | 9606 | 9993 |———|———_]| __ paeeramees | Cee: | RRC 
0380 | 0766 |} 1153 | 1588 | 1924 | 2309 | 2694 | 386 
8 | 053078 | 3463 | 3846 | 4230 | 4613 |} 4996 | 5578 | 5760 | 6142 | 6524 | 383 
4 6905 | 7286 | 7666 | 8046 | 8426 || 8805 | 9185 | 9563 | 9942 | —— : 
—— _ ||——_ —_—_ |__| | 0820 | 379 
: 060698 | 1075 | 1452 | 1829 | 2206 |) 2582 | 2958 | 3333 | 3709 | 4083 | 376 
i 

8 

9 




















4458 | 4832 | 5206 | 5580 | 5953 || 6826 | 6699 | 7071 
8186 | 8557 | 8928 | 9298 | 9668 || —— 
——— ||] 0088 | 0407 | 0776 | 1145 | 1514 | 370 
071882 | 2250 | 2617 | 2985 | 3352 |) 3718 | 4085 
5912 | 6276 | 6640 




















7004 || 7368 
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378 | 37.8] 75.6 113.4 | 151.2 | 189.0] 226.8] 264.6] 302.4 
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TABLE XXIV.—LOGARITHMS OF NUMBERS 83 
‘ ; a a 





No. 120 L. 079.] [No. 184 L. 180. 
N. 0 1 2 3 4 5 6 a 8 9 | Diff. 








120 | 079181 | 9543 | 9904 |——j|—— | |——_—| ———| —__ | ___|___ 
= | == | 0266 | 0626 || 0987 | 1347 | 1707 | 2067 | 2426 
1 | 082785 | 3144 | 3503 | 38861 | 4219 || 4576 | 4934 | 5291 | 5647 | 6004 
. ne 6716 | 7071 | 7426 | 7781 || 8136 | 8490 | 8845 | 9198 | 9552 
0258 | 0611 | 0963 | 1815 || 1667 | 2018 | 2370 | 2721 | 8071 
4 | 093422 |. 8772 | 4122 | 4471 | 4820 |! 5169 | 5518 | 5866 | 6215 | 6562 
5 6910 | 7257 | 7604 | 7951 | 8298 || 8644 | 8990 | 9335 | 9681 con 
26 
4 100371 | 0715 | 1059 | 1403 | 1747 || 2091 | 2434 | 2777 | 3119 | 3462 
8 
9 
0 





























3804 | 4146 | 4487 | 4828 | 5169 || 5510 | 5851 | 6191 | 6531 | 6871 
7210 |.7549 | 7888 | 8227 | 8565 || 8903 | 9241 | 9579 | 9916 


peal ta Bel ae Ali 














110590 | 0926 | 1263 | 1599 | 1934 || 2270 | 2605 | 2940 | 3275 | 3609 


13 8943 | 4277 | 4611 | 4944 | 5278 || 5611 | 5943 | 6276 | 6608 | 6940 
1 7271 | 7603 | 7934 | 8265 | 8595 |) 8926 | 9256 | 9586 | 9915 Pe 

5 
2 | 120574 | 0903 | 1281 | 1560 | 1888 || 2216 | 2544 | 2871 | 8198 | 3525 
3 3852 | 4178 | 4504 | 4880 | 5156 || 5451 | 5806 | 6131 | 6456 | 6781 
4 ag 7429 | 7753 | 8076 | 8399 || 8722 | 9045 | 9368 | 9690 Tate 


























8 888 888 ESE ES sea| 











PROPORTIONAL Parts, 


























Dif.| 1 | 2 3 4 5 6 7 8 | 9 
355 |35.5| 71.0 | 106.5] 142.0] 177.5] 218.0] 248.5| 284.0 | 319.5 
354 | 35.4] 70.8 | 106.2/ 141.6] 177.0 | 212.4 | 247/8| 288.2 | 318.6 
353 | 35.8] 70.6 | 105.9] 141.2] 176.5 | 211:8| 247.1 | 282.4 | 817.7 
352 | 35.2] 70.4 | 105.6 | 140.8] 176.0| 211.2] 246.4 | 281.6 | 316.8 
351 | 35.1] 70.2 | 105.8| 140.4] 175.5} 210.6 | 245.7 | 280.8 | 315.9 
350 | 35.01 70.0 | 105.0| 140.0| 175.0! 210.0 | 245.0] 280.0 | 815.0 
349 | 34.9| 69.8 | 104:7| 139.6] 174.5 | 209.4| 2443] 279.2 | 814.1 
348 | 34.8 | 69.6 | 104:4| 139.2] 174.0| 208.8 | 243.6| 278.4 | 813.2 
347 | 34.7] 69.4 | 104.1 | 138.8} 173.5 | 208.2| 242.9] 277.6 | 812.3 
346 | 34.6| 69:2 | 103.8] 138.4] 173.0] 207.6) 242.2] 276.8 | 811-4 
345 | 34.5] 69.0 | 103.5] 138.0] 172.5] 207.0] 241.5] 276.0 | 810.5 
344 | 34.4| 68.8 | 103.2] 137.6] 172.0] 206.4| 240.8] 275.2 | 309.6 
343 | 34.8] 68.6 | 102.9| 137.2] 171.5] 205.8| 240.1 | 2744 | 308.7 
342 | 34.2 | 68.4 | 102.6] 136.8| 171.0] 205.2 | 230.4] 273.6 | 807.8 
341 | 34.1] 68.2 | 102.3] 136.4] 170.5 | 204.6 | 238.7| 272.8 | 306.9 
340 | 34.0 | 68.0 | 102.0] 136.0] 170.0] 204.0 | 238.0] 272.0 | 306.0 
339 | 33.9| 67.8 | 101.7 | 135.6 | 169.5 | 203.4] 237.8] 271-2 | 805.1 
338 | 33.8| 67.6 | 101.4| 135.2] 169.0] 202.8 | 236.6| 270.4 | 804.2 
337 | 32.7 | 67.4 | 101.1 / 134.8] 168.5 | 202.2 | 235.9] 269.6 | 803.3 
336 | 35.6 | 67.2 | 100.8] 134.4] 168.0] 201.6 | 235.2] 268.8 | 302.4 
935 | 33.5] 67.0 | 100.5] 134.0] 167.5] 201.0] 234.5] 268.0 | 801.5 
334 | 83.4] 66.8 | 100.2| 133.6] 167.0| 200.4 | 233.8] 267.2 | 800.6 
333 | 83.8] 66.6 | 99.9| 133.2] 166.5 | 199.8] 23311 | 266.4 | 299.7 
532 | 33.2| 66.4 | 99.6] 132.8] 166.0| 199.2 | 232.4| 265.6 | 298.8 
331 133.1) 66.2 | 99.8 | 132.4] 165.5] 198.6 | 231.7] 264.8 | 297.9 
330 | 33.0] 66.0 | 99.0] 132.0] 165.0| 198.0] 231.0 | 264.0 | 297.0 
329 |32.9| 65.8 | 98.7] 131.6] 164.5 | 197.4] 230.3| 263.2 | 206.1 
828 | 32.8] 65.6 | 98.4] 131.2] 164.0| 196.8| 22916 | 262.4 | 295.2 
a7 | 32.7| 65.4 | 98.1] 130.8] 163.5 | 196.2] 228.9] 261.6 | 294.3 
326 | 82.6 | 65.2 | 97.8} 180.4] 163.0] 195.6 | 228.2] 260.8 | 298.4 
325 | 32.5| 65.0 | 97.5} 180.0] 162.5| 195.0} 227.5} 260.0 | 292.5 
324 | 82.4| 64.8 | 97.2] 129.6] 162.0] 194/4| 226.8] 259.2 | 201.6 
$23 | 32.3| 64.6 | 96.9| 129.2] 161.5) 193.8] 226.1] 258.4 | 290.7 
ae | 32.2| 64.4 | 96.6| 128.8| 161.0] 193.2] 225.4] 257.6 | 289.8 
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No. 135 L. 130.] 

































































[No. 149 L. 175. 


nn 

































































N. 0 1 2 3 4 5 6 7 8 9 | Diff. 
| 30334 | 0655 | 0977 | 1298 | 1619 || 1939 | 2260 | 2580 | 2900 | 3219 821 
aa 10539 8858 | 4177 | 4496 | 4814 || 5183 | 5451 | 5769 | 6086 | 6403 318 
7 6721 | 7037 | 7854 | 7671 | ‘7987 || 8303 | 8618 | 8934 | 9249 | 9564 316 
9 |—— a a Sel Se Se a 
Z i 0194 | 0508 | 0822 | 1186 || 1450 | 1763 | 2076 | 2389 | 2702 814 
9 | 148015 | 3327 | 8639 | 8951 | 4263 || 4574 | 4885 | 5196 | 5507 | 5818 811 
140 6128 | 6438 | 6748 | 7058 | 7367 || 7676 | 7985 | 8294 | 8603 | 8911 309 
9219 | 9527 | 9885 |———|———| ——_ Re 2 ae 
: ——| 0142 | 0449 || 0756 | 1063 | 1870 | 1676 | 1982 807 
2 152288 | 2594 | 2900 | 8205 | 8510 || 3815 | 4120 | 4424 | 4728 | 5032 805 
3 5336 | 5640 | 5943 | 6246 | 6549 Ha 7154 | 7457 | 7759 | 8061 803 
8362 | 8664 | 8965 | 9266 | 9567 |) | ——— 
: SS SS 0168 120469) 0769 1068 301 
5 | 161868 | 1667 | 1967 | 2266 | 2564 || 2863 |.3161 | 3460 | 3758 | 4055 299 
6 4353 | 4650 | 4947 | 5244 | 5541 || 5838 | 6134 | 6430 | 6726 | 7022 297 
vg 7317 | 7613 | 7908 | 8208 | 8497 || 8792 | 9086 | 9380 | 9674 | 9968 295 
8 | 170262 | 0555 | 0848 | 1141 | 1484 ||} 1726 | 2019 | 2311 | 2603 | 2895 293 
9 3186 | 8478 | 3769 | 4060 | 4351 || 4641 | 4932 | 5222 | 5512 | 5802 291 
PROPORTIONAL PaRTs, 
Diff. 1 2 3 4 5 6 vd 8 9 
821 32.1 64.2 96.3 128 4 160.5 192.6 224.7 256.8 | 288.9 
820 | 82.0] 64.0 96.0 128.0 | 160.0 | 192.0 | 224.0] 256.0 | 288.0 
819 | 81.9] 63.8 95.7 127.6 | 159.5) 191.4} 223.3] 255.2 | 287.4 
818 | 31.8] 63.6 95.4 127.2 | 159.0 | 190.8 | 222.6 | 254.4 | 286.2 
317 | 31.7 | 63.4 95.1 126.8 | 158.5 | 190.2] 221.9 | 258.6 | 285.3 
316 | 31.6 | 63.2 94.8 126.4 | 158.0] 189.6 | 221.2! 252.8 | 284.4 
815 | 31.5 | 63.0 94.5 126.0 | 157.5 | 189.0 | 220.5 | 252.0 | 283.5 
314 | 81.4 | 62.8 94.2 125.6 | 157.0] 188.4] 219.8 | 251.2 | 282.6 
313 | 81.3] 62.6 93.9 125.2 | 156.5] 187.8] 219.1 | 250.4 | 281.7 
312 | 81.2 | 62.4 93.6 124.8 | 156.0} 187.2 | 218.4 | 249.6 | 280.8 
811 | 31.1] 62.2 93.3 124.4 | 155.5] 186.6] 217.7 | 248.8 | 279.9 
310 | 81.0 | 62.0 93.0 124.0 | 155.0] 186.0] 217.0 | 248.0 | 279.0 
309 | 30.9} 61.8 92.7 123.6 | 154.5] 185.4] 216.8 | 247.2! 278.1 
808 | 30.8 | 61.6 92.4 123.2 | 154.0 | 184.8 | 215.6 | 246.4 | 277.2 
807 | 80.7 | 61.4 92.1 122.8 | 153.5] 184.2] 214.9 | 245.6] 276.3 
306 | 80.6] 61.2 91.8 122.4 | 153.0 | 183.6 | 214.2 | 244.8 | 275.4 
805 | 30.5 | 61.0 91.5 122.0 | 152.5 | 183.0] 218.5 | 244.0 | 274.5 
304 | 30.4 | 60.8 91.2 121.6 | 152.0] 182.4] 212.8 | 248.2] 273.6 
303 | 30.8} 60.6 90.9 121.2 | 151.5] 181.8] 212.1] 242.4 | 272.7 
802 | 80.2 | 60.4 90.6 120.8 | 151.0} 181.2] 211.4] 241.6 | 271.8 
301 | 80.1 | 60.2 90.3 120.4 | 150.5 | 180.6 | 210.7 | 240.8 | 270.9 
3800 | 80.0} 60.0 90.0 120.0 | 150.0 | 180.0] 210.0 | 240.0 | 270.0 
299 | 29.9 | 59.8 89.7 119.6 | 149.5 | 179.4} 209.3] 239.2 | 269.1 
298 | 29.8) 59.6 89.4 119.2 | 149.0] 178.8] 208.6 | 2838.4 | 268.2 
297 |) 29.7 | 59.4 89.1 118.8 | 148.5 | 178.2] 207.9 | 287.6 | 267.3 
296 | 29.6) 59.2 88.8 118.4 | 148.0| 177.6 | 207.2 | 286.8 | 266.4 
295 | 29.5) 59.0 88.5 118.0} 147.5 | 177.0] 206.5 | 286.0 | 265.5 
294 | 29.4; 58.8 88.2 117.6 | 147.0) 176.4 | 205.8 | 235.2 | 264.6 
293 | 29.38] 58.6 87.9 117.2 | 146.5 | 175.8 | 205.1 | 234.4 | 263.7 
292 | 29.2] 58.4 87.6 116.8 | 146.0) 175.2] 204.4 | 233.6 | 262.8 
291 | 29.1] 58.2 87.3 116.4 | 145.5] 174.6 | 208.7 | 282.8 | 261.9 
290 | 29.0] 58.0 87.0 116.0 | 145.0] 174.0] 203.0] 232.0 | 261.0 
289 | 28.9] 57.8 86.7 115.6 | 144.5 | 173.4] 202.8) 231.2 | 260.1 
288 | 28.8] 57.6 86.4 115.2 | 144.0} 172.8] 201.6 | 280.4 | 259.2 
287 | 28.7 | 57.4 86.1 114.8 | 148.5 | 172.2] 200.9] 229.6 | 258.3 
286 | 28.6| 57.2 85.8 114.4 | 143.0 | 171.6 | 200.2 | 228.8 | 257.4 
pA cE a AE Oe ete hs a Bs A ES A Re 
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No. 150 L. 176.] [No. 169 L. 230, 





N. 0 1 2 3 4 6 6 7 8 9 | Diff. 





176091 | 6881 | 6670 | 6959 | 7248 || 7586 | 7825 | 8113 | 8401 | 8689 | 289 
8977 | 9264 | 9552 | 98389 |——— 
———_| 0126 || 0413 | 0699 | 0986 | 1272 | 1558 | 287 
181844 | 2129 | 2415 | 2700 | 2985 || 3270 | 3555 | 3839 | 4123 | 4407 | 285 
4691 | 4975 | 5259 | 5542 | 5825 || 6108 | 6391 | 6674 | 6956 | 7239 | 283 
7521 | 7803 | S084 | 83866 | 8647 || 8928 | 9209 | 9490 | 9771 |——— 
—_ | |__| |——_ |__| 0051 |} 281 
190332 | 0612 | 0892 | 1171 | 1451 || 1730 | 2010 | 2289 | 2567 | 2846 | 279 
8125 | 3403 | 8681 | 3959 | 4237 || 4514 | 4792 | 5069 | 5846 | 5623 | 278 
5900 | 6176 | 6453 | 6729 | 7005 || 7281 | 7556 | 7832 | 8107 | 83882} 276 
8657 | 8982 | 9206 | 9481 | 9755 || —— —__ |__| 
——|——_ | |_|] 0029 | 0303 | 0577 | 0850 | 1124 | 274 
201397 | 1670 | 1943 | 2216 | 2488 || 2761 | 3033 | 3305 | 8577 | 8848 | 272 


4391 | 4663 | 4934 | 5204 || 5475 | 5746 | 6016 | 6286 | 6556 | 271 
aoe ees 7865 | 7684 | 7904 || 8173 | 8441 | 8710 | 8979 | 9247 | 269 
i 


8 


























0051 | 0819 | 0586 || 0853 | 1121 | 1888 | 1654 | 1921 | 267 
212188 | 2454 | 2720 | 2986 | 3252 || 8518 | 3783 | 4049 | 4314 | 4579 | 266 

4844 | 5109 | 53873 | 5688 | 5902 || 6166 | 6430 | 6694 | 6957 | 7221 | 264 
7484 | 7747 | 8010 | 8273 | 8536 || 8798 | 9060 | 9828 | 9585 | 9846 | 262 




















220108 | 0370 | 0631 | 0892 | 1153 || 1414 | 1675 | 1986 | 2196 | 2456 | 261 
2716 | 2976 | 3236 | 3496 | 8755 || 4015 | 4274 | 4533 | 4792 | 5051 | 259 
5309 | 5568 | 5826 | 6084 | 6342 || 6600 | 6858 | 7115 | 7272 | 7680 | 258 

7887 | 8144 | 8400 | 8657 | 8913 || 9170 | 9426 | 9682 | 9938 |}—— 





OMsID CPC ws © MImor Powe 
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ure 
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PROPORTIONAL PARTS, 


















































Diff. | 1 2 3 4 5 6 7 8 | 9 
285 | 28.5] 57.0 | 85.5 | 114.0| 142.5] 171.0} 199.5 | 228.0 | 256.5 
284 | 28.4} 56.8-| 85.2 | 113.6} 142.0} 170.4} 198.8 | 227.2 | 255.6 
283. | 28.3| 56.6 | 84.9 | 113.2] 141.5] 169.8| 1981 | 226.4 | 254.7 
282 | 28.2] 56.4 | 84.6 | 112.8| 141-0] 169.2] 197.4 | 225.6 | 253.8 
281 | 28.1] 56.2 | 84.8 | 1124] 140.5 | 168.6 | 196.7 | 224.8 | 252.9 
280 | 28.0| 56.0 | 84.0 | 112.0| 140.0] 168.0] 196.0| 224.0 | 252.0 
a79 | 27.9] 55.8 | 83.7 | 111-6 | 189.5 | 167.4] 195.8) 228.2 | 21.1 
278 | 27:8 | 55.6 | 83.4 | 111-2] 189.0] 166.8| 194.6 | 222.4 | 250.2 
ai? | 277 | 55.4 | 83.1 | 110.8] 188.5 | 166.2] 193.9] 221.6 | 249.8 
276 | 27.6) 55.2 | 82.8 | 110.4] 188.0-| 165.6 | 193.2 | 220.8 | 248.4 
2% | 27.5 | 55.0 | 82.5 | 110.0] 187.5 | 165.0| 192.5 | 220.0 | 247.5 
24 | 27.4| 54.8 | 82.2 | 100.6] 187.0] 164.4] 191.8] 219.2 | 246-6 
273 | 27.8| 54.6 | 81.9 | 109.2] 136.5 | 163.8| 191.1 | 218.4 | 245.7 
e72 | 27.2| 544 | 81.6 | 108.8] 136.0] 163.2] 190.4| 217.6 | 244.8 
Q71 | 7.1) 54.2 | 81.8 | 108.4] 135.5] 162.6 | 189.7] 216.8 | 243.9 
270 | 27.0 | 54.0 | 81.0 | 108.0] 135.0 | 162.0] 189.0] 216.0 | 248.0 
269 | 26.9] 53.8 | 80.7 | 107.6) 184.5] 161.4] 188.3 | 215.2 | 240.1 
268 | 26.8] 53.6 | 80.4 | 107.2] 184.0] 160.8] 187.6 | 214.4) 241.2 
267 | 26.7| 53.4 | 80.1 | 106.8] 133:5| 160.2] 186.9] 213.6 | 240.8 
266 | 26.6) 53.2 | 79.8 | 106.4| 183.0] 159.6| 186.2] 212.8 | 230.4 
265 | 26.5 | 53.0 | 79.5 | 106.0] 132.5] 159.0] 185.5/ 212.0 | 288.5 
264 | 26.4] 52.8 | 79.2 | 105.6] 182.0] 158.4] 184.8| 211.2 | 287.6 
263 | 26.3] 52.6 | 78.9 | 105.2] 131.5) 157.8} 184.1] 210.4 | 236.7 
262 | 26.2) 52.4 | 78.6 | 104.8] 181.0] 157.2] 183.4 | 209.6 | 285.8 
261 | 26.1| 52.2 | 78.3 | 104.4] 130.5] 156.6] 182.7 | 208.8 | 234.9 
260 | 26.0] 52.0 | 78.0 | 104.0] 130:0| 156.0] 182.0 | 208.0 | 234.0 
259 | 25.9] 51.8 | 77.7% | 103.6 | 129.5 | 155.4| 181.8] 207.2 | 283.1 
258 | 25.8| 51.6 | V7.4 | 103.2] 129.0] 154.8| 180.6 | 206.4 | 282.2 
257 | 25.7 | 51.4 | F71 | 102.8] 128.5] 154.2] 179.9 | 205.6 | 281.3 
256 | 25.6 | 51.2 | 76.8 | 102.4| 128.0] 158.6] 179.2 | 204.8 | 230.4 
a5 | 25.5 | 51.0 | 76.5 | 102.0] 127.5| 158.0] 178.5 | 204.0 | 229.5 
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No. 170 L. 230.] 


[No. 189 L. 278, 


















































N. 0 1 2 $8 4 6 6 vf 8 9 Diff. 

0960 | 1215 | 1%70 1724 | 1979 | 2234 | 2488 | e742 255 

tl as “oe 8504 | 8757 | 4011 4264 | 4517 | 4770 | 5023 | 5276 253 

2 5528 | 5781 | 6033 tee cen pes ios Hee W544 | 7795 252 

8799 eee 

« [pone gme tom aortas Gaeta oe me | 332) 220 
0799 | 1048 | 1297 | 1546 1795 | 2 9 Yi 

5 Poe 8286 | 3534 | 38782 | 4030 || 4277 | 4525 | 4772 | 5019 5266 248 

6 5513 | 5759 | 6006 | 6252 | 6499 || 6745 | 6991 | 7237 7482 | 7728 246 

Ve W973 | 8219 | 8464 | 8709 | 8954 || 9198 | 9448 | 9687 9982 rae | ia 
S10 | | ios | ib | 88 | 8 | os | Sse | 

0 | 0664 | 0908 | 1151 | 13895 1638 | 1881 | 2125 | 2368 2610 2438 

. nee 8096 | 8388 } 3580 | 3822 || 4064 | 4306 4548 | 4790 | 5031 249 

5273 | 5514 | 5755 | 5996 | 6287 || 6477 | 6718 6958 | 7198 | 7439 241 

eo 7679 | 7918 | 8158 | 8398 | 8637 || 8877 | 9116 9855 | 9594 | 9833 239 

0071 | 0310 | 0548 “0787 1025 1263 | 1501 | 1739 | 1976 | 2214 238 

. von 2688 | 2925 | 8162 | 3399 || 3636 | 3873 4109 | 4346 | 4582 237 

4 4818 | 5054 | 5290 | 5525 | 5761 5996 | 6232 | 6467 | 6702 6937 285 

5 7172 | 7406 |} 764i | 7875 | 8110 8344 | 8578 | 8812 | 9046 9279 234 

6 9518 | 9746 | 9980 —-s | | q— | _ 

—_———_/—_——__| 0213 } 0446 0679 | 0912 | 1144 | 1377 1609 233 

7 | 271842 | 2074 | 2306 | 2538 | 2770 8001 | 8238 | 3464 | 3696 38927 232 

8 4158 | 4889 | 4620 | 4850 | 5081 5811 | 5542 | 5772 | 6002 6232 230 

9 6462 | 6692 | 6921 | 7151 | 7380 7609 | 7838 | 8067 8296 | 8525 229 








PRoporTIONAL Parts, 





Diff. 1 2 3 4 5 6 és 8 9 
26, 25.5} 51.0 16.5 102.0} 127.5] 153.0] 175.5 | 204.0 | 929.5 
os 25.4] 50.8 76.2 10176) |) 1127; 152.4 | 177.8 | 203.2 | 298.6 
253 | 25.3] 50.6 75.9 101.2 | 126.5 | 151.8] 177.1] 202.4 | 2097/7 
252 | 25.2] 50.4 75.6 100.8 | 126.0] 151.2] 176.4] 201.6 | 296.8 
251 | 25.1] 50.2 75.3 100.4 | 125.5 | 150.6] 175.7] 200.8 | 295.9 
250 | 250] 50.0 75.0 100.0 | 125.0] 150.0] 175.0] 200.0 | 295.6 
PAD | 24.9] 49.8 74.7 99.6 | 124.5] 149.4] 174.31 199.2 | 904-4 
248 | 24.8] 49.6 04.4 99.2 | 124.0] 148.8] 1738.6] 198.4 | 2903/9 
247 | 24.7 | 49.4 74.1 98.8 | 123.5] 148.2] 172.9] 197.6 | 200°3 
246 | 24.6] 49.2 73.8 98.4 | 123.0] 147.6] 172.2} 196.8 | 991.4 
245 | 24.5] 49.0 73.5 98.0 | 122.5] 147.0] 171.5] 196.0 220.5 
244 | 24.4] 48.8 73.2 97.6 | 122.0] 146.4] 170.8] 195.2 219.6 
243 | 24.38] 48.6 72.9 W.2 | 121.5] 145.8] 170.1] 194.4 | 218-7 
242 | 24.2] 48.4 72.6 96.8] 121.0] 145.2] 169.4| 193.6 | 217°8 
241 | 24.1) 48.2 72.3 96.4) 120.5] 144.6] 168.7] 192.8 | 216.9 
240 | 24.0} 48.0 72.0 96.0 | 120.0] 144.0] 168.0] 192.0 | 216.0 
239 | 23.9] 47.8 71.7 95.6 | 119.5] 143.4] 167.3] 191.9] 915.4 
238 | 23.8] 47.6 71.4 95.2 | 119.0] 142.8] 166.6] 190.4 | 214.2 
237 | 23.7 | 47.4 files 94.8} 118.5] 142.2] 165.9] 189.6 | 2133 
236 | 23.6} 47.2 70.8 94.4} 118.0] 141.6] 165.2] 188.8 212.4 
235 | 28.5) 47.0 70.5 94.0} 117.5] 141.0] 164.5] 188.0 211.5 
234 | 23.4] 46.8 70.2 93.6 | 117.0] 140.4] 163.8] 197.9 210.6 
233 | 23.3] 46.6 69.9 93.2 | 116.5] 189.8] 168.1] 186.4 209.7 
232 | 23.2} 46.4 69.6 92.8 | 116.0] 139.2] 162.4] 185.6 208.8 
231 | 28.1} 46.2 69.3 92.4} 115.5] 188.6] 161.7] 184.8 207.9 
230 | 238.0} 46.0 69.0 92.0} 115.0] 138.0] 161.0] 184.0 207.0 
229 | 22.9) 45.8 68.7 91.6 | 114.5] 137.4] 160.3] 193.2 206.1 
228 | 22.8] 45.6 68.4 91.2] 114.0] 186.8] 159.6 | 192.4 205.2 
227 | 22.7 | 45.4 68.1 90.8 | 118.5] 136.2] 458.9] 181.6 204. 
226 | 22.6 | 45.2 67.8 90.4 


é 3 
: : 113.0] 185.6 | 158.2} 180.8 | 203.4 
SS ea me neg ne 
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No. 190 L. 278.] [No. 214 L. 382, 
N. 0 1 2 
190 | 278754 | 8982 | 9211 
1 | 281033 | 1261 | 1488 
2 3301 | 3527 | 3758 
3 5557 | 5782 | 6007 
4 7802 | 8026 | 8249 
5 | 290035 | 0257 | 0480 
6 2256 | 2478 | 2699 
ve 4466 | 4687 | 4907 
8 6665 | 6884 | 7104 
9 8853 | 9071 | 9289 
200 | 801080 | 1247 | 1464 
1 3196 | 8412 | 3628 
2 5351 | 5566 | 5781 
3 7496 | 7710 | '7924 
4 9630 | 9843 |——— 
——| 0056 
5 | 811754 | 1966 | 2177 
6 3867 | 4078 | 4289 
fs 5970 | 6180 | 6390 
8 8063 | 8272 | 8481 9938 
9 | 820146 | 0854 | 0562 | 0769 | 0977 || 1184 1805 | 2012 | 207 
210 2219 | 2426 | 2633 | 2889 | 3046 || 3252 8871 | 4077 | 206 
1 4282 | 4488 | 4694 | 4899 | 5105 || 5310 5926 | 6181 | 205 
2 6336 | 6541 | 6745 | 6950 | 7155 || 7359 7972 | 8176 | 204 
3 8380 | 8583 | 8787 | 8991 | 9194 || 9398 
a —— “0008 0211 203 
4 | 330414 | 0617 | 0819 | 1022 | 1225 "y4207- “1630 1882 | 2034 | 2286 202 
PROPORTIONAL PARTS. 
| 
Diff 1 2 3 4 5 6 V6 8 9 
225- | 22.5.) 45.0 67.5 90.0 112.5 | 185.0] 157.5] 180.0 | 202.5 
224 | 22.4) 44,8 67.2 89.6 112.0 |] 184.4] 156.8] 179.2 | 201.6 
223 | 22.3 | 44.6 66.9 89.2 111.5 133.8 | 156.1 178.4 | 200.7 
222 | 22.2] 44.4 66.6 88.8 111.0 | 188.2] 155.4] 177.6 | 199.8 
221 | 22.1] 44.2 66.3 88.4 110.5 | 182.6 | 154.7] 176.8 | 198.9 
220 | 22.0} 44.0 66.0 88.0 110.0} 182.0 | 154.0) 176.0 | 198.0 
219 | 21.9 | 43.8 65.7 87.6 109.5} 181.4 | 158.38| 175.2) 197.1 
218 | 21.8) 438.6 65.4 87.2 109.0 | 180.8] 152.6] 174.4 | 196.2 
217 | 21.7 | 43.4 65.1 86.8 108.5 | 180.2] 151.9] 178.6 | 195.3 
216 | 21.6} 438.2 64.8 86.4 108.0} 129.6) 151.2] 172.8 | 194.4 
215 | 21.5] 438.0 64.5 86.0 107.5} 129.0] 150.5) 172.0 | 193.5 
214 | 21.4| 42.8 64.2 85.6 107.0] 128.4] 149.8] 171.2 | 192.6 
218 | 21.8! 42.6 63.9 85.2 106.5 | 127.8} 149.1] 170.4 | 191.7 
212 | 21.2 | 42.4 63.6 84.8 106.0] 127.2} 148.4] 169.6 | 190.8 
211 | 21.1] 42.2 63.3 84.4 105.5 | 126.6] 147.7] 168.8 | 189.9 
210 | 21.0] 42.0 63.0 84.0 105.0} 126.0] 147.0] 168.0} 189.0 
209 | 20.9} 41.8 62.7 83.6 104.5] 125.4] 146.8] 167.2 | 188.1 
208 | 20.8] 41.6 62.4 83.2 104.0] 124.8] 145.6] 166 4 | 187.2 
207 | 20.7 | 41.4 62.1 82.8 103.5 | 124.2] 144.9] 165.6 | 186.3 
206 | 20.6] 41.2 61.8 82.4 103.0 | 128.6] 144.2] 164.8 | 185.4 
205 | 20.5] 44.0 61.5 82.0 102.5 | 123.0] 148.5] 164.0} 184.5 
204 | 20.4} 40.8 61.2 81.6 102.0} 122.4] 142.8] 163.2 | 183.6 
203 | 20.3) 40.6 60.9 81.2 101.5 | 121.8] 142.1] 162.4 | 182.7 
202 | 20.2! 40.4 60.6 80.8 101.0 121.2 141.4 | 161.6 | 181.8 
EE ES EL EE eee 
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No. 215 L. 332.] [No. 239 L. 380, 





wie 4 4 ae | ee tl we fe ey oT oo thee 


215 | 832488 | 2640 | 2842 | 3044 3846 344? | 8649 | 8850 | 4051 | 4253 | 202 
6 4454 | 4655 | 4856 | 5057 | 5257 || 5458 | 5658 | 5859 | 6059 | 6260 | 201 
7 6460 | 6660 | 6860 | 7060 | 7260 || 7459 | 7659 | 7858 | 8058 | 8257 | 200 
8 8456 | 8656 | 8855 | 9054 | 9253 || 9451 | 9650 | 9849 |—__ 

| 0 | ORE | P99 

9 | 340444 | 0642 | 0841 | 1039 | 1237 || 1485 | 1632 | 1830 | 2028 | 2225 | 198 


220 2423 | 2620 | 2817 | 8014 | 8212 |) 3409 | 3606 | 3802 | 3999 | 4196 | 197 
4392 | 4589 | 4785 | 4981 | 5178 || 5374 | 5570 | 5766 | 5962 | 6157 | 196 

6353 | 6549 | 6744 | 6939 | 7185 || 7330 | 7525 | 7720 | 7915 | 8110 | 195 

8305 | 8500 | 8694 | 8889 | 9083 || 9278 | 9472 | 9666 | 9860 

350248 | 0442 | 0686 | 0829 | 1023 || 1216 | 1410 | 1603 | 1796 | 1989 | 193 
2568 | 2761 | 2954 || 8147 | 3339 | 3532 | 8724 | 8916 | 193 

4108 | 4801 | 4493 | 4685 | 4876 || 5068 | 5260 | 5452 | 5643 | 5834 | 192 
6026 | 6217 | 6408 | 6599 | 6790 || 6981 | 7172 | 7368 | 7554 | 7744 | 191 
7985 | 8125 | 8816 | 8506 | 8696 || 8886 | 9076 | 9266 | 9456 | 9646 | 190 


0025 | 0215 | 0404 | 0593 || 0783 | 0972 | 1161 | 1350 | 1539 | 189 



































CONDOR corwmr 
~ 
2 
~ 
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or 
































280 | 861728 | 1917 | 2105 | 2294 | 2482 || 2671 | 2859 | 3048 | 3236 | 8424] 188 
1 8612 | 8800 | 8988 7 4176 | 4363 |} 4551 | 4739 } 4926 | 5113 | 5301 | 188 
2 5488 | 5675 | 5862 | 6049 | 6286 || 6423 | 6610 | 6796 | 6983 | 7169 | 187 
3 7356 | 7542 | 7729 | 7915 | 8101 || 8287 | 8473 | 8659 | 8845 | 9030 | 186 

4 9216 | 9401 | 958% | 9772 | 9958 -—— ——_ —_. 
—— | -— |__| —_ 0148 | 0828 | 0518 | 0698 | 0883-| 185 
5 | 871068 | 1253 | 1437 | 1622 | 1806 |} 1991 | 2175 | 2360 | 2544 | 2728 | 184 
6 2912 | 8096 | 8280 | 3464 | 3647 || 3831 | 4015 | 4198 | 4382 | 4565 | 184 
v4 4748 | 4932 | 5115 | 5298 | 5481 || 5664 | 5846 | 6029 | 6212 | 6394 | 183 
ot 6759 | 6942 | 7124 | 7306 |} 7488 | 7670 | 7852 | 8084 | 8216] 182 














8580 | 8761 | 8948 | 9124 || 9306 | 9487 | 9668 | 9849 
38 0080 | 181 


PROPORTIONAL Parts, 





















































179 117.9| 35.8 | 53.7 | 716 89.5 | 107.4] 125.8] 4143/2 | 161.1 
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No. 240 L. 380.] (No. 269 1. 431. 
N. 0 1 2 8 4 5 6 7 8 9 | Diff. 
240 | 380211 | 0392 | 0573 | 0754 | 0934 || 1115 | 1296 | 1476 | 1656 | 1887} 181 
1 2017 | 2197 | 2377 | 2557 | 27387 || 2917 | 8097 | 8277 | 8456 | 3636 | 180 
2 8815 | 8995 | 4174 | 4353 | 4533 || 4712 | 4891 | 5070 | 5249 | 5428 | 179 
3 5606 | 5785 | 5964 | 6142 | 6821 || 6499 | 6677 | 6856 | '7034 | 7212 | 178 
4 7390 | 7568 | 7746 | '7924 | 8101 || 8279 | 8456 | 8634 | 8811 | 8989 | 178 
5 9166 9520 | 9698 | 9875 —_— econ 
—$ ——|_—_—_—]|——_|—__—__|—__||_ 0051. | 0228 | 0405 | 0582 | 0759 177 
6 1112 | 1288 | 1464 | 1641 || 181? | 1993 | 2169 | 2345 | 2521 | 176 
q 2697 | 2873 | 8048 | 8224 | 8400 || 8575 | 3751 | 8926 | 4101 | 4277) 176 
8 4452 | 4627 | 4802 | 4977 | 5152 || 5826 | 5501 | 5676°'| 5850 | 6025 175 
9 6199 | 63874 | 6548 | 6722 | 6896 || ‘7071 G419 | 7592 | 8766) 174 
= sacs pd 8287 | 8461 | 8634 || 8808 | 8982 | 9154 | 9328 | 9501 | 173 
( 4 —qKe |_| | | | | | ESS 
0020 | 0192 | 0365 || 0538 | 0711 | 0883 | 1056 | 12 173 
2 | 401401 | 1573 | 1745 | 1917 | 2089 || 2261 | 2488 | 2605 | 2777 | 2949} 172 
3 8121 | 3292 | 3464 | 3635 |.3807 || 3978 | 4149 | 4820 | 4492 | 4663] 171 
4 4834 | 5005 | 5176 | 5346 | 5517 || 5688 | 5858 | 6029 | 6199 | 63870] 171 
5 6540 | 6710 | 6881 | ‘7051 | 7221 |} 7391 | 7561 | 7731 | 7901 | 8070} 170 
° een 8410 | 8579 | 8749 | 8918 || 9087 | 9257 | 9426 | 9595 | 9764 | 169 
0102 | 0271 | 0440 | 0609 || 0777 | 0946 | 1114 | 1283 } 1451 | 169 
8 | 411620 788 | 1956 | 2124 | 2298 || 2461 | 2629 | 2796 | 2964 } 3132 168 
9 8300 | 3467 | 8635 | 3803 | 8970 || 4187 | 4805 | 4472 | 4639 | 4806} 167 
260 4973 | 5140 | 5307 | 5474 | 5641 || 5808 | 5974 | 6141 | 6308 | 6474 | 167 
1 6641 | 6807 | 6973 | 7189 | 7306 || 7472 | 7638 | 7804 | 7970 } 8135 | 166 
5 ae 8467 | 8633 | 8798 | 8964 || 9129 | 9295 | 9460 | 9625 } 9791 | 165 
C121 | 0286 | 0451 | 0616 || O781 | 0945 | 1110 | 1275 | 1489 | 165 
4 | 421604 | 1768 | 1933 | 2097 | 2261 || 2426 | 2590 | 2754 | 2918 | 8082) 164 
5 3246 | 3410 | 3574 | 3737 | 8901 || 4065 | 4228 | 4892 | 4555 | 4718 164 
6 4882 5208 | 5871 | 5534 || 5697 | 5860 | 6023 | 6186 | 6349 163 
7 6511 | 6674 | 6836 | 6999 | 7161 || 7824 | 7486 | 7648 | 7811 | 7973 | 162 
8 8135 | 8297 } 8459 | 8621 | 8783 || 8944 | 9106 | 9268 | 9429 | 9591 162 
9 9752 | 9914 §-~——|—_| ——_ |—__} —__| —___|____|____ 
{| 0075 | 0236 | 0398 || 0559 | 0720 | 0881 | 1042 | 1208 | 161 
PROPORTIONAL PaARTs, 
Diff.| 1 2 3 4 5 6 “é 8 9 
178 17.8 | 35.6 53.4 11.2 89.0 106.8 124.6 142.4 | 160.2 
177 | 17.7 | 35.4 53.1 0.8 88.5 106.2 123.9 141.6 | 159.3 
176 | 17.6) 35.2 52.8 70.4 88.0 105.6 | 123.2] 140.8} 158.4 
175. | 17.5 35.0 52.5 70.0 87.5 105.0} 122.5} 140.0 | 157.5 
174 | 17.4] 34.8 52.2 69.6 87.0 104.4 | 121.8] 189.2 | 156.6 
173 = |17.3) 34.6 51.9 69.2 86.5 108.8 | 121.1] 188.4 | 155.7 
172 | 17.2) 34.4 51.6 68.8 86.0 103.2 | 120.4] 187.6] 154.8 
171 «|17.1 | 34.2 51.3 68.4 85.5 102.6} 119.7 | 136.8] 153.9 
170 | 17.0} 34.0 51.0 68.0 85.0 102.0 | 119.0 | 186.0] 153.0 
169 | 16.9] 33.8 50.7 67.6 84.5 101-4] 118.3] 185.2] 152.1 
168 |16.8] 33.6 50.4 67.2 84.0 100.8} 117.6] 184.4 | 151.2 
167 | 16.7] 383.4 50.1 66.8 83.5 100.2} 116.9] 133.6} 150.3 
166 16.6 83.2 49.8 66.4 83.0 99.6) 116.2 182.8 | 149.4 
165 | 16.5) 383.0 49.5 66.0 82.5 99.0] 115.5] 182.0 | 148.5 
164 | 16.4] 382.8 49.2 65.6 82.0 98.4] 114.8] 181.2] 147.6 
163 | 16.3] 382.6 48.9 65.2 81.5 97.8 | 114.1] 180.4} 146.7 
162 | 16.2) 32.4 48.5 64.8 81.0 97.2) 113.4] 129.6 | 145.8 
161 | 16.1] 382.2 48.3 64.4 80.5 96.6 | 112.7] 128.8 | 144.9 
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EEE EEE EInEIEnnEnEEEEEEEEE 
No. 270 L, 431.] [No. 299 L. 476. 


a 
—) 


~ 


|. ——— |§ | | ——_—_ 


Ed 











2 
bd 
COMED CURES © MNIGMUA WMO HMO OMOGHD or wmwmred 
iss) 
12>) 
pare 
@ 





471292 
2756 
4216 


is 4508 | 4653 | 4799 |) 4944 | 5090 | 5285 | 5881 | 5526] 146 
6 


5962 | 6107 | 6252 || 6397 | 6542 | 6687 | 6832 | 6976 | 145 

















Dit. | 2 2 3 4 5 6 7 8 9 
161 | 16.1 | 32.2 48.3 64.4 80.5 96.6 112 128.8 | 144.9 
160 | 16.0] 82.0 48.0 64.0 80.0 96.0 112.0] 128.0} 144.0 
159 | 15.9} 31.8 47.2 63.6 79.5 95.4 111.3 | 127.2 | 143.1 
158 | 15.8] 31.6 47.4 63.2 79.0 94.8 110.6 | 126.4 | 142.2 
157 | 15.7] 81.4 47.1 62.8 78.5 94.2 109.9 | 125.6 | 141.3 
156 | 15.6] 381.2 46.8 62.4 78.0 93.6 109.2 | 124.8 | 140.4 
155 | 15.5} 381.0 46.5 62.0 U7.5 93.0 108.5 | 124.0 | 189.5 
154 | 15.4] 30.8 46.2 61.6 [7.0 92.4 107.8 | 123.2 | 138.6 
153 | 15.3] 30.6 45.9 61.2 76.5 91.8 107.1 | 122.4 | 187.7 
152 | 15.2] 30.4 45.6 60.8 76.0 91.2 106.4 | 121.6 | 136.8 
11 | 15.1] 380.2 45.3 60.4 05.5 90.6 105.7 | 120.8 | 185.9 
150 | 15.0] 30.0 45.0 60.0 %5.0 90.0 105.0 | 120.0 | 185.0 
149 | 14.9] 29.8 44.7 59.6 74.5 89.4 104.3 | 119.2 } 184.1 
148 | 14.8] 29.6 44.4 59.2 74.0 88.8 103.6 | 118.4 | 133.2 
147 | 14.7 | 29.4 44.1 58.8 73.5 88.2 102.9} 117.6 | 182.3 
146 | 14.6] 29.2 43.8 58.4 73.0 87.6 102.2] 116.8} 131.4 
145 | 14.5) 29.0 43.5 58.0 72.5 87.0 101.5 | 116.0 | 180.5 
144 | 14.4] 28.8 43.2 57.6 72.0 86.4 100.8 | 115.2 | 129.6 
143 | 14.3] 28.6 42.9 57.2 71.5 85.8 100.1 | 114.4 | 128.7 
142 | 14.2] 28.4 42.6 56.8 71.0 85.2 99 4} 113.6 | 127.8 
141 | 14.1 | 28.2 42.8 56.4 70.5 84.6 98.7 | 112.8 | 126.9 
140 | 14.0| 28.0 42.0 56.0 70.0 84.0 98.0 | 112.0 | 126.0 
a rn ee ee 
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No. 300 L. 477.] (No. 389 L. 531. 
N. 0 1 2 3 4 5 6 7 8 9 | Diff. 
300 | 477121 | 7266 | 7411 | 7555 | 7700 || 7844 | 7989 | 8138 | 8278 | g422 | 145 
1 8566 | 8711 | 8855 | 8999 | 9143 || 9287 | 9431 | 9575 | 9719 | 9863 | 144 
2 | 480007 | 0151 | 0294 | 0438 | 0582 |! 0725 | 0869 | 1012 | 1156 | 1299 144 
3 1443 | 1586 | 1729 | 1872 | 2016 || 2159 | 2302 | 2445 | 2588 | 2731 143 
4 2874 | 3016 | 3159 | 3302 | 3445 || 3587 | 3730 | 3872 | 4015 4157 143 
5 4300 4585 | 4727 | 4869 || 5011 | 5153 | 5295 | 5487 | 5579 | 142 
6 5721 | 5863 | 6005 | 6147 | 6289 || 6430 | 6572 | 6714 | 6855 6997 | 142 
7 7188 | 7280 | 7421 | 7563 | 7704 || 7845 | 7986 | 8127 | 8269 | 8410 | 141 
. as 8692 | 8833 | 8974 | 9114 || 9255 | 9396 | 9537 | 9677 | 9818 | 141 
0099 | 0239 | 0380 | 0520 || 0661 | 0801 | 0941 | 1081 | 1222] 140 
810 | 491362 | 1502 | 1642 | 1782 | 1922 || 2062 | 2201 | 2341 | 2481 | 2601 | 140 
1 2760 | 2900 | 3040 | 3179 | 3319 || 3458 | 3597 | 3737 | 3876 | 4015 1389 
2 4155 | 4294 | 4433 | 4572 | 4711 || 4850 | 4989 | 5128 | 5267 | 5406 | 139 
3 5544 | 5683 | 5822 | 5960 | 6099 || 6238 | 6376 | 6515 | 6653 | 6791 139 
4 6930 | 7068 | 7206 | 7344 | 7483 || 7621 | 7759 | 7897 | 8035 | 8173 138 
5 8311 8586 } 8724 | 8862 |] 8999 | 9187 | 9275 | 9412 | 9550 | 138 
6 9687 | 9824 | 9962 ———| ]| | — | | —— | —_— | — | —— 
—— |——_} 0099 | 0286 || 0874 | 0511 | 0648 | 0785 | 0922 | 187 
7 | 501059 | 1196 | 18383 | 1476 | 1607 |} 1744 | 1880 | 2017 | 2154 | 2201 | 137 
8 2427 | 2564 | 2700 | 2837 | 297 8109 | 3246 | 8882 | 8518 | 8655 | 1386 
9 8791 | 8927 | 4063 | 4199 | 4335 || 4471 | 4607 | 4743 | 4878 | 5014 | 136 
820 5150 | 5286 | 5421 | 5557 | 5693 || 5828 | 5964 | 6099 | 6284 | 6370 | 136 
1 6505 | 6640 | 6776 | 6911 | 7046 || 7181 | 7316 | 7451 | 7586 | 7721 | 185 
2 7856 | 7991 | 8126 | 8260 | 8395 || 8530 | 8664 | 8799 | 8934 | 9068 | 135 
3 9203 | 9337 | 9471 | 9606 | 9740 || 9874 | 
—_ |] —_ |] —_|——_— 0009 | 0148 | 0277 | 0411 | 184 
4 | 510545 | 0679 | 0813 | 0947 | 1081 || 1215 | 1349 | 1482 | 1616 | 1750 | 134 
5 1883 | 2017 | 2151 | 2284 | 2418 || 2551 | 2684 | 2818 | 2951 | 3084 1383 
6 8218 | 3351 | 3484 | 8617 | 3750 ||} 3883 | 4016 | 4149 | 4282 | 4415 133 
va 4681 | 4813 | 4946 | 5079 || 5211 | 53844 | 5476 | 5609 | 5741 | 183 
8 5874 | 6006 | 6189 | 6271 | 6408 || 6535 | 6668 | 6800 | 6932 | 7064 132 
9 7196 | 7828 | 7460 | 7592 | 7724 || 7855 | 7987 | 8119 | 8251 | 8382 | 132 
830 8514 | 8646 | 8777 | 8909 | 9040 || 9171 | 9808 | 9434 | 9566 | 9697 | 1381 
1 9828 | 9959 |——— ———S }. | ——— | —— | —_ 
——| 6090 | 0221 | 0353 || 0484 | 0615 | 0745 | 0876 | 1007 | 181 
2 | 521138 | 1269 | 1400 | 1580 | 1661 |; 1792 | 1922 | 2058 | 2183 } 2314 | 131 
3 2575 | 2705 | 2835 | 2966 || 8096 | 3226 | 83856 | 8486 | 8616 | 130 
4 3746 | 3876 | 4006 | 4186 | 4266 || 4896 | 4526 | 4656 | 4785 | 4915 | 130 
5 5045 | 5174 | 5804 5563 || 5693 | 5822 | 5951 | 6081 | 6210 129 
6 6339 | 6469 | 6598 | 6727 | 6856 || 6985 | '7114 | 7248 | 7372 | 7501 | 129 
v4 7630 | 7759 | 7888 | 8016 | 8145 || 8274 | 8402 | 8534 | 8660 | 8788] 129 
8 8917 | 9045 | 9174 | 9802 | 9480 || 9559 | 9687 | 9815 | 9943 cee “én 
| Or | | | 
9 | 530200 | 0328 | 0456 | 0584 | 0712 | 0840 | 0968 | 1096 | 1228 | 1351 128 
PROPORTIONAL PARTS, 
Diff. 1 2 3 4 5 6 @ 8 9 
139 | 13.9 27.8 41.7 55.6 69.5 83 4 97.3 111.2 | 125.1 
138 18.8 | 27.6 41.4 55.2 69.0 82.8 96.6 110.4 | 124.2 
137 ID |e 274 41.1 54.8 68.5 82.2 95.9 109.6 | 128.3 
136 | 18.6] 27.2 40.8 54.4 68.0 81.6 95.2 108.8 | 122.4 
A385 =) 13:50) 2720 40.5 54.0 67.5 81.0 94.5 108.0 | 121.5 
134 13.4 26.8 40.2 53.6 67.0 80.4 93.8 107.2 | 120.6 
133 | 18.3] 26.6 89.9 53.2 66.5 79.8 93.1 106.4 | 119.7 
182 | 18.2] 26.4 39.6 52.8 66.0 79.2 92.4 105.6 | 118.8 
131 | 13.1 | 26.2 89.3 52.4 65.5 78.6 91.7 104.8 | 117.9 
130 | 13.0] 26.0 39.0 52.0 65.0 78.0 91.0 104.0 |! 117.0 
129 12:91) 2528 38.7 51.6 64.5 U7.4 90.3 103.2 || 116.1 
128 | 12.8] 25.6 38.4 51.2 64.0 76.8 89.63 | 102.4 |! 115.2 
ie | 22:7 | 25.4 38.1 50.8 63.5 76.2 88.9 101.6 } 114.3 
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No, 340 L. 581.] [No. 879 L. 579. 
SSS 
ul o 1/ 2/s81{4 5 | 6 2 8 | 9 | Dif. 
” 1862 | (ROO || 2117 | 2245 23%2 2500 | 2627 128 
Y ia 2888 5009 8136 | 3264 |) 3801 | 3518 | 8645 | 8772 | 3899 | 127 
2 4026 | 4153 | 4280 | 4407 | 4534 || 4661 4787 | 4914 | 5041 | 5167 127 
3 5294 | 5421 | 5547 | 5674 | 5800 || 5927 6058 | 6180 | 6306 | 6432 126 
4| 6558 | 6685 | 6811 | 6937 | 7063 || 7189 | 7815 | 7441 | 7567 | 7693 | 126 
5 | 7819 | eds | SO7L | S197 | S822 || S448 | 8574 | 8609 | SA% | B51 | 126 
52 | oe 
0 a Om | me | 
0455 | 0580 | 0705 | 0880 || 095: 0 
: beet 1704 | 1829 | 1958 | 2078 || 2203 | 2327 | 2452 | 2576 | 2701 | 125 
9 2825 | 2950 | 8074 | 8199 | 3323 || 844” | 3571 | 3696 | 8820 | 3944 124 
4192 | 4316 | 4440 | 4564 || 4688 | 4812 | 4936 | 5060 | 5183 | 194 
a 5807 5431 | 5555 | 5678 | 5802 || 5925 | 6049 | 6172 | 6296 | 6419 | 124 
Dy) 6543 | 6666 | 6789 | 6913 | 7036 || 7159 | 7282 | 7405 | 7529 | 7e5e 123 
8 “775 | 7898 | 8021 | 8144 | 8267 || 8889 | 8512 | 8635 | 8758 | 8ggi 123 
4 9003 | 9126 | 9249 | 9371 | 9494 || 9616 | 9739 | 9861 | 9984 ae as 
50228 | 0351 | 0473 | 0595 | 0717 || 0840 | 0962 | 1084 | 1206 1828 122 
i Pen 1572 | 1694 | 1816 | 1938 || 2060 | 2181 2208 R425 | 2547 122 
v$ 2668 | 2790 | 2911 | 3088 | 3155 || 8276 | 3398 | 3519 | 3640 | 3762 121 
8 8883 | 4004 | 4126 | 4247 | 4368 || 4489 | 4610 | 4731 | 4852 | 4973 121 
9 5094 | 5215 | 5336 | 5457 | 5578 || 5699 | 5820 | 5940 | 6061 | 6182 121 
6303 | 6428 | 6544 | 6664 | 6785 || 6905 | ‘7026 | 7146 | 7267 387 120 
eit 507 | 7627 | 7748 | 7868 | 7988 || 8108 | 8228 | 83849 | 8469 | B5R9 120 
2 8709 | 8829 | 8948 | 9068 | 9188 || 9808 | 9428 | 9548 | 9667 | OVE7 120 
90! — ees ES Res A ee 
a sald 0026 | 0146 | 0265 | 0385 0504 0624 0743 | 0863 | 0982 119 
4 | 561101 | 1221) 1840 | 1459 | 1578 1698 | 1817 | 1936 | 2055 D174 119 
5 2293 | 2412 | 2531 | 2650 | 2769 || 2887 | 8006 | 3125 } 3244 8362 119 
6 8481 | 8600 | 3718 | 3887 | 8955 || 4074 ] 4192 | 4311 | 4429 4548 119 
i” 4666 | 4784 | 4903 | 5021 | 5139 || 5257 | 5876 | 5494 | 5612 5730 118 
8 5848 | 5966 | 6084 | 6202 | 6320 || 6487 | 6555 | 6673 | 6791 6909 118 
9 7026 | 7144 | 72621) 7379 | 7497 || 7614 | 77382 | 7849 | 7967 8084 118 
370 8202 | 8319 | 8436 | 8554 | 8671 |] 8788 | 8905 | 9028 | 9140 9257 117 
1 93874 | 9491 | 9608 | 9725 | 9842 || 9959 ;———| —___]|___ __]_ 
eee oe | 0076 | 0193 | 0309 | 0426 117 
2 | 570543 | 0660 | 0776 | 0893 | 1010 1126 | 1248 | 1859 | 1476 1592 alabe 
3 1709 | 1825 | 1942 | 2058 | 2174 || 229% | 2407 | 2528 | 2639 2755 116 
4 2872 | 2988 | 3104 | 3220 | 3336 3452 | 38568 | 8684 | 3800 | 3915 116 
5 4031 || 4147 | 4268 | 43879 | 4494 || 4610 | 4726 | 4841 4957 | 5072 116 
6 5188 | 5808 | 5419 | 5534 | 5650 5765 | 5880 | 5996 | 6111 | 6226 115 
4 6841 | 6457 | 6572 | 6687 | 6802 || 6917 | 7032 | 7147 9262 | W377 115 
8 7492 | 7607 | 7722 | 7886 | 7951 8066 | 8181 | 8295 | 8410 | 8525 115 
9 8639 | 8754 | 8868 | 8983 | 9097 9212 | 9826 | 9441 | 9555 | 9669 114 

















PROPORTIONAL Parts, 














\ 
Diff, 1 2 3 4 5 6 7 8 9 
128 | 12.8] 25.6 38.4 51.2 64.0 76.8 89.6 | 102.4 | 115.2 
127 | 12.7 | 25.4 38.4. 50.8 63.5 76.2 88.9 | 101.6 | 114.3 
126 | 12.6) 25.2 387.8 50.4 63.0 75.6 88.2 | 100.8 | 113.4 
125 | 12.5] 25.0 37.5 50.0 62.5 %5.0 87.5 | 100.0 | 112.5 
124 | 12.4] 24.8 87.2 49.6 62.0 74.4 86.8 99.2 | 111.6 
123 | 12.8) 24.6 36.9 49.2 61.5 73.8 86.1 98.4 | 110.7 
122 | 12.2) 24.4 36.6 48.8 61.0 73.2 85.4 97.6 | 109.8 
P21 | 12.1] 24.2 | 36.8 48.4 60.5 72.6 84.7 96.8 | 108.9 
120 | 12.0] 24.0 386.0 48.0 60.0 72.0 84.0 96.0 | 108.0 
1419 | 11.91) (2338 35.7 47.6 59.5 V1.4 83.3 95.2 | 107.1 
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No. 380. L. 579.] (No. 414 L. 617, 
So eo ey A EE OR 
0 1 8 | ® | Diff. 
380 | 579784 | 9898 | —-__}_ 
ere oso7 | 0811 | 114 
sf 1039 1836 | 1950 
2} 2063 | 2177 2404 2858 | 2972 | 3085 
3| 8199 | 3312 8539 4105 | 4218 
4| 4831 | 4444 5235 | 5348] 113 
5 | 5461 } 5574 250 | 6362 | 6475 
6] 6587 | 6700 7486 | 7599 
| Ss sod | 58 | Ss |B) 
91 | 50 (2s Eee al i oe one 
0061 0842 | 0953 
890 | 591065 | 1176 1955 | 2066 
1] 2177 | 2288 2848 3064 | 3175 | 111 
2 8286 | 8397 é 4171 | 4282 
3] 4393 5276 | 5386 
4] 5496 | 5606 6377 | 6487 
5| 6597 | 6707 7476 | 7586 | 110 
6| 7695 | 7805 8572 | 8681 
@ 8791 | 8900 9665 | 9774 
8] 9883 | 9992 | ——|_—_| ____}| —__|____|__|_|_|_ 499 
——| ——} 01 0755 | 0864 
9 | 600978 | 1082 1843 | 1951 
400 | 2060 | 2169 2608 2928 | 8036 
1] 8144 | 3253 4010 | 4118 | 40g 
2} 4226 | 4334 | 4442 | 4 5089 | 5197 
3] 5305 | 5413 6166 | 6274 
4] 6881 | 6489 7241 | 7348 
5 | 7455 } 7562 7884 8098 $312 | 8419 | 497 
6 | 8526 4 8633 9381 | 9488 
7| 9594 | 9701 evened | Se Seen eerie | 
et ee eee 0447 | 0554 
8 | 610660 } 0767 1511 | 1617 
9| 4 1829 2042 2572 | 2678 | 406 
410 | 2784 | 2890 3680 | 3736 
1] 3942 | 3947 42 4686 | 4792 
2} 4897 | 5003 5740 | 5845 | 
3| 5950 | 6055 6790 | 6895 | 105 
4| 7000 | 7105 7889 | 7943 
Dift.| 1) 2 3 4 5 6 % 8 9 
118 | 11.8| 23.6 }- 85.4 | 47.2 | 59.0 | 70.8 | 82.6} 94.4 | 106.2 
ti7 | 11.7| 23.4 | 35.1 | 46.8 | 58.5 | 70.2 | 81.9 | 93.6} 105.3 
116 | 11.6] 23.2 | 34.8 | 46.4 | 58.0 | 69.6 | 81.2 | 92.8 | 104.4 
115 | 11.5| 23.0 | 34.5 | 46.0 | 67.5 | 69.0 | 80.5 | 92.0 | 103.5 
414 | 11.4] 22:8 | 34.2 | 45.6 | 57.0 | 68.4 | 79.8 | 91.2 | 102.6 
413 | 11.3} 22.6 | 33.9 | 45.2 | 56.5 | 67.8 | 79.4 |- 90.4 | 101.7 
412 | 11.2] 22.4 | 38.6 | 44.8 | 56.0 | 67.2 | 78.4 | 89.6 | 100.8 
qit | 11.1] 292.2 | 93.3 | 44.4 | 55.5 | 66.6 | V.7 | 888 | 99.9 
410 | 11.0| 22.0 | 33.0 | 44.0 | 65.0 | 66.0 | 77.0 | 88.0 | 99.0 
joo | 10.9] 21.8 | 32.7 | 43.6 | 54.5 | 65.4 | 76.3 | 87.2 | 98.1 
408 | 10.8} 21.6 | 32.4.| 43.2 | 54.0 | 64.8] 75.6 | 86.4 | 97.2 
407 | 40.7] 21.4 | 32.1 | 42:8 | 53.5 | 642 | 74.9 | 185.6 | 96.3. | 
jos | 40.6) 2t.2 | 31.8 | 42.4 | 58.0 | 63.6 | 74.2 | 84.8 | 95.4" 
jos | 10.5] 21.0 | 31.5 | 42.0 | 52.5 | 68.0 | 73.5] 84.0 | 94.5' 
404 [10.4] 20.8 | 31.2 | 41.6 | 52.0 | 62.4] v2.8 | 3.2 | 93.6 
_————— ITE, 
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No. 415 L. 618. ] 


N, 
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0 
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415 | 618048 | 8153 
6 9093 | 9198 
620136 } 0240 
1176 | 1280 
2214 | 2318 


8249 | 3353 
4282 | 4385 
5312 | 5415 
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640481 | 0581 
1474 | 1578 
2465 | 2563 


8453 | 3551 
4439 | 45387 
5422 | 5521 
6404 | 6502 
7383 | 7481 
8360 | 8458 
9385 | 9432 





650308 } 0405 
1278 | 1875 
2246 | 2343 


82138 | 3309 
4177 | 4273 
5188 | 5235 
6098 | 6194 
7056 | 7152 
8011 | 8107 
8965 | 9060 
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8571 
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—— 0082 
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9726 | 9821 
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TABLE XXIV.—LOGARITHMS OF NUMBERS 


95 


es 


No. 460 L. 662.] 


N 


0 


LNo. 499 L. 698. 





460 | 662758 
3701 
4642 
5581 
6518 
7453 
8386 
9317 


670246 
173 








“ ee 
PRE BIG, Ke | © HORHOR OWES OOM VIOoUR WOH 


CN 


OOVIRHMMWOWHS 



























































1 2 8 4 5 6 7 8 9 | Diff. 
2852 | 2947 | 3041 | 3135 || 3280 | 3324 | 3418 | 3512 | 3607 
3795 | 8889 | 3983 | 4078 || 4172 | 4266 | 4360 | 4454 | 4548 
4736 | 4830 | 4924 | 5018 || 5112 | 5206 | 5299 | 5893 | 5487 94 
5675 | 5769 | 5862 | 5956 || 6050 | 6143 | 6237 | 6831 | 6424 
6612 | 6705 | 6799 | 6892 || 6986 | 7079 | 7173 | 7266 | 7360 
7546 | 7640 | '7733 | 7826 || 7920 | 8013 | 8106 | 8199 | 8293 
8479 | 8572 | 8665 | 8759 || 8852 | 8945 | 9088 | 9131 | 9224 
9410 | 9503 | 9596 | 9689 || 9782 | 9875 | 9967 |———_|_—__ 
| | —— —— |——| 0060 | 0153 93 
0339 | 0481 | 0524 | 0617 || 0710 | 0802 | 0895 | 0988 | 1080 
1265 | 1858 | 1451 | 1543 || 1636 | 1728 | 1821 | 1913 | 2005 
2190 | 2283 | 2375 | 2467 || 2560 | 2652 | 2744 | 2836.} 2929 
8113 | 38205 | 3297 | 3390 || 3482 | 3574 | 3666 | 3758 | 3850 
4034 | 4126 | 4218 | 4310 4494 | 4586 | 4677 | 4769 92 
4953 | 5045 | 5187 | 5228 || 5320 | 5412 | 55038 | 5595 | 5687 
5870 | 5962 | 6053 | 6145 || 6236 | 6328 | 6419 | 6511 | 6602 
6785 | 6876 | 6968 | 7059 || 7151 | 7242 | 7833 | 7424 | 7516 
7698 | 7789 | 7881 | 7972 || 8063 | 8154 | 8245 | 8336 | 8427 
8609 | 8700 | 8791 | 8882 || 8973 | 9064 | 9155 | 9246 | 9337 91 
9519 | 9610 | 9700 | 9791 || 9882 | 9973 }———|—_|___ 
— — —— || 0063 | 0154 | 0245 
0426 | 0517 | 0607 | 0698 || 0789 | 0879 | 0970 | 1060 | 1151 
1332 | 1422 | 1513 | 1603 || 1693 | 1784 | 1874 | 1964 | 2055 
2235 | 2326 | 2416 | 2506 || 2596 | 2686 | 2777 | 2867 | 2957 
8187 | 3227 | 3317 | 3407 || 38497 | 3587 | 3677 | 3767 | 3857 90 
4037 | 41 4217 | 4307 || 4896 } 4486 | 4576 | 4666 | 4756 
4935 | 5025 | 5114 | 5204 || 5294 | 53883 | 5473 | 5563 | 5652 
5831 | 5921 | 6010 | 6100 || 6189 | 6279 | 6368 | 6458 | 6547 
6726 | 6815 | 6904 | 6994 || 7083 | 7172 | 7261 | 7851 | 7440 
7618 | 7707 | 7796 | 7886 |} 7975 | 8064 | 8153 | 8242 | 8331 89 
8509 | 8598 | 8687 | 8776 || 8865 | 8953 | 9042 | 9181 | 9220 
9398 | 9486 | 9575 | 9664 || 9753 | 9841 | 9930 |———_|——_ 
Sa ——_|_——_| 0019 | 0107 
0285 | 0373 | 0462 | 0550 || 0689 | 0728 | 0816 | 0905 | 0993 
1170 | 1258 | 13847 | 1435 || 1524 | 1612 | 1700 | 1789 | 1877 
2058 | 2142 | 2280 | 2318 || 2406 | 2494 | 2583 | 2671 | 2759 
2935 | 3023 | 3111 | 3199 |} 38287 | 3375 | 3463 | 3551 | 3639 88 
3815 | 3903 | 3991 | 4078 || 4166 | 4254 | 4342 | 4450 | 4517 
4693 | 4781 | 4868 | 4956 || 5044 | 5131 | 5219 | 53807 | 5394 
5589 | 5657 | 5744 | 5832 || 5919 | 6007 | 6094 | 6182 | 6269 
6531 | 6618 | 6706 || 6793 | 6880 | 6968 | 7055 | 7142 
7317 | 7404 | 7491 | 7578 || 7665 | 7752 | 7839 | 7926 | 8014 87 
8188 | 8275 | 8362 | 8449 8622 | 8709 | 8796 | 8883 








Diff.| 1 2 3 4 5 6 @ 8 9 
98 9.8 | 19.6 29.4 39.2 49.0 58.8 68.6 78.4 88.2 
97 9:7 | 19:4 29.1 88.8 48.5 58.2 67.9 07.6 87.3 
96 9.6 |. 19.2 28.8 88.4 48.0 57.6 67.2 76.8 86.4 
95 9.5) 19.0 28.5 38.0 47.5 57.0 66.5 76.0 85.5 
94 9.4] 18.8 28.2 87.6 47.0 56.4 65.8 75.2 84.6 
93 9.3 | 18.6 27.9 87.2 46.5 55.8 65.1 74.4 83.7 
92 9.2] 18.4 27.6 386.8 46.0 55.2 64.4 13.6 82.8 
91 9.1] 18.2 27.3 86.4 45.5 54.6 63.7 72.8 81.9 
90 9.0} 18.0 27.0 36.0 45.0 54.0 63.0 72.0 81.0 
89 8.9] 17.8 26.7 35.6 44.5 53.4 62.3 1.2 80.1 
88 8.8 | 17.6 26.4 35.2 44.0 52.8 61.6 70.4 79.2 
87 8.7] 17.4 26.1 34.8 | 43.5 62.2 60.9 | 69.6 78353 
86 8.6} 17.2 25.8 34.4 43.0 51.6 60.2 68.8 77.4 
Se ae 
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5912 
6727 | 6809 
7541 | 72623 
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6254 
2088 
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9489 
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2086 
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7216 
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8841 
9651 
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1266 
2072 
2876 
8679 
4480 
5279 
6078 
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1809 
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No. 545 L. 736.] [No. 584 L. 767. 
N. 0 1 2 3 4 6 6 7 8 9 | Diff. 
545 | 786397 | 6476 | 6556 | 6635 | 6715 || 6795 | 6874 | 6954 | 70384 | 7113 
6 7193 | 7272 | 7352 | 74381 | 7511 || '%590 | '7670 | 7749 | 7829 | 7908 
7 7987 | 8067 | 8146 | 8225 | 8805 || 8884 | 8463 | 8543 | 8622 | 8701 
8 8781 | 8860 | 8939 | 9018 | 9097 || 9177 | 9256 | 9385 | 9414 | 9493 
9 9572 | 9651-| 9781 | 9810 | 9889 || 9368. |—_|——_} —__|____ 
—_—|———_ | ——__ |_| |_| 00477 | 0126 | 0205 | 0284 79 
550 | 740363 | 0442 | 0521 | 0600 | 0678 || O757 | 0836 | 0915 | 0994 | 1078 
1152 | 1230 | 1309 | 1888 | 1467 || 1546 | 1624 | 1703 | 1782 | 1860 
2 1939 | 2018 | 2096 | 2175 | 2254 || 2332 | 2411 | 2489 | 2568 | 2647 
3 2725 | 2804 | 2882 | 2961 | 3039 || 3118 | 3196 | 8275. | 3353 | 3431 
4 3510 | 3588 | 3667 | 3745 | 3823 || 3902 | 3980 | 4058 | 4136 | 4215 
5 4293 | 4371 | 4449 | 4528 | 4606 || 4684] 4762 | 4840 | 4919 | 4997 
6 | . 5075 | 5153 | 5231 | 5809 | 53887 || 5465 | 5543 | 5621 | 5699 | 5777 %8 
of 5855 ' 5933 | 6011 | 6089 | 6167 || 6245 | 6823 | 6401 | 6479 | 6556 
8 6634 | 6712 | 6790 | 6868 | 6945 || 70238 | 7101 | 7179 | 7256 | 7384 
9 | T412 | 7489 | 7567 | 7645 | 7722 || 7800 | 7878 | 7955 | 8033 | 8110 
560 8188 | 8266 | 83843 | 8421 | 8498 || 8576 | 8653 | 8731 | 8808 
1 8963 | 9040 | 9118 | 9195 | 9272 || 9850 | 9427 | 9504 | 9582 | 9659 
2 9736. | 9814.| 9891 | 9968 |——} |—— |_| — |__| 
ee 0045 || 0123 | 0200 | 0277 | 0354 | 0481 
3 | 750508 | 0586 | 0663 | 0740 | O817 |} 0894 | 0971 | 1048 | 1125 | 1202 
4 1279 | 1356 | 1433 | 1510 | 1587 || 1664 | 1741 | 1818 | 1895 | 1972 UW 
5 2048 | 2125 | 2202 | 2279 | 2356 || 2433 | 2509 | 2586 | 2663 | 2740 
6 2816 | 2893 | 2970 | 3047 | 3123 || 8200 | 3277 | 3853 | 34380 | 3506 
7 8583 | 3660 | 3736 | 3818 | 3889 || 3966 | 4042 | 4119 | 4195 | 4272 
8 4348 | 4425 | 4501 | 4578 | 4654 || 4730 | 4807 | 4888 | 4960 | 5036 
9 5112 | 5189 | 5265 | 5841 | 5417 || 5494 | 5570 | 5646 | 5722 | 5799 
570 5875 | 5951 | 6027 | 6103 | 6180 |} 6256 | 6332 |} 6408 | 6484 | 6560 
i 6636 | 6712 | 6788 | 6864 | 6940 |} 7016 | '70S2 | 7168 | 7244 | 7320 %6 
2 296 | 7472 | 7548 | '7624 | 7700 || “7% | 7851 | 7927 | 8005 | 8079 
3 8155 | 8280 | 83806 | 8382 | 8458 || 85382 | 8609 | 8685 | 8761 | 8836 
4 8912 | 8988 | 9063 | 9139 | 9214 || 9290 | 9866 | 9444 | 9517 | 9592 
5 9668 | 9743 | 9819 | 9894 | 9970 || ——| | ——__ | ——__| —_—_ 
——_—|—_—_ ——|| 0045 | 0121 | 0196 0347 
6 | 760422 | 0498 | 0578 | 0649 | 0724 || 0799 | 0875 | 0950 |.1025. | 1101 
v4 1176 | 1251 | 13826 | 1402 | 1477 || 1552 | 1627 | 1702 | 1778 | 1853 
8 1928 | 2003 | 2078 | 2153 | 2228 || 2803 | 2878 | 2453 | 2529 | 2604 % 
9 2679 | 2754 | 2829 | 2904 | 2978 || 8053 | 3128 | 3203 | 3278 | 3353 
580 8428 | 3503 | 3578 | 8653 | 8727 || 8802 | 8877 | 3952 | 4027 | 4101 
5 4176 | 4251 | 4826 | 4400 | 4475 || 4550 | 4624 | 4699 | 4774 | 4 
2 4923 | 4998 | 5072 | 5147 | 5221 || 5296 | 5870 | 5445 | 5520 | 5594 
3 5669 | 5743 | 5818 | 5892 | 5966 || 6041 | 6115 | 6190 | 6264 
4 6418 | 6487 | 6562 | 6636 | 6710 || 6785 | 6859 | 6933 | 7007 | 7082 
eI A I a I 5 A ell I I I 
PROPORTIONAL PARTS, 
es Sm NNN oF RR 
Diff. 1 2 8 4 5 6 % 8 9 
83] 16.6 | 24.9 | 33.2 | 44.5 | 49.8 | 58.1 | 66.4 | 74.7 
eo g2| 16.4 | 24.6 | 32.8 | 41.0 | 49.2 | 57.4 | 65.6 | 73.8: 
81 8.1 16.2 24.3 82.4 40.5 48.6 56-7 64.8 72.9 
go | 8.0| 16.0 | 24.0 | 82.0 | 40.0 | 48.0. | 56.0 | 64.0 | 7.0 
79 | 7.9] 15.8 | 23.7 -| 31.6 | 39.5 | 47.4 | 65.3 | 63.2 | 71.1 
73 | 7.8| 15.6 | 23.4 ] 81.2 | 39.0 | 46.8 | 54.6 | 62.4 | 70.2 
“7 | U7) 15.4 | 23.1 | 80.8 | 38.5 | 46.2 | 53.9 | 61.6 | 69.3 
7 | 76] 15.2) 22-8 | 80.4 | 38.0 | 45.6 | 53.2 | 60.8 | 68.4 
7 | 75| 15.0 | 22.5 | 80.0 | 37.5 | 45.0 | 52.5 | 60.0 | 67.5 
4 | 7.4| 148 | 22.2 | 20.6 | 27.0 | 44.4 | 51.8 | 59.8 | 66.6 
eee a NE Pe ee ee 
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No. 585 L. 767.] [No. 629 L. 799, 
N.| 0 1 2); 8 | 4 5 6 | 2 8 | 9 | Diff. 
5 7230 | 7304 | 7879 | 7488 || 7527 | 7601 | 7675 | 7749 | 7828 
BS | “Shave | to72 | 8046 | 8120 | S194 || 8268 | S342 | S4i6 | S190 8564 | 74 
7 | 8688 | 8712 | 8786 | 8860 | 8934 || 9008 | 9082 | 9156 | 9230 | 9303 
8| 9377 | 9451 | 9525 | 9599 | 9673 || 9746 | 9820 | 9894 | 9968 | —— 
9 | 770115 | 0189 | 0268 | 0336 | 0410 || 0484 | 0557 | 0631 | 0705 | 0778 
0852 | 0926 | 0999 | 1073 | 1146 || 1220 | 1293 | 1867 } 1440 | 1514 
wT tear | test | 1734 | 1808 | est || 1955 | 200s | 2102 2175 
2] 2322 | 2395 | 2468 | 2542 | 2615 || 2688 | 2762 | 2835 | 2908 | 2081 
3] 3055 | 8128 | 8201 | 8274 | 3348 || 3421 | 8494 | 8567 | 3640 | 3713 
4| 8786 | 3860 | 3933 | 4008 | 4079 |} 4152 | 4225 | 4208 | 4371 38 
5| 4517 | 4590 | 4663 | 4736 | 4809 || 4882 | 4955 | 5028 | 5100 | 5173 
6 | 5246 | 5319 | 5392 | 5465 | 5538 || 5610 | 5683 | 5756 | 5829 | 5902 
7| 5974 | 6047 | 6120 | 6193 | 6265 || 6338 | 6411 | 6483 | 6556 | 6629 
8 | 6701 | 6774 | 6846 | 6919 | 6992 || 7064 | 7137 | 7209 | 7282 | 7354 
9| 7427 | 7499 | 7572 | 7644 | 7717 |] 7789 | 786V | 7934 | 8006 | soz9 
600 | 8151 | 8224 | 8296 | 8368 | 8441 || 8518 | 8585 | 8658 | 8730 | gB02 
1| 8874 | 8947 | 9019 | 9091 | 9163 |) 9236 | 9308 | 9880 | 9452 | 9524 
2| 9596 | 9669 | 9741 | 9813 | 9885 || 9957 | |__| ___|_ 
Ps rae rea ora od ol Pema ee ee 
3 | 780317 | 0389 | 0461 | 0538 | 0605 || 0677 | 0749 | 0821 | 0893 | o968 | 7 
4| 1037 | 1109 | 1181 | 1253 | 1324 |] 1396 | 1468 | 1540 | 1612 | 1684 
5] 1755 | 1827 | 1899 | 1971 | 2042 || 2114 | 2186 | 2258 | 2329 | 2401 
6 | 2473 | 2544 | 2616 | 2688 | 2759 || 2831 | 2002 | 2974 | 3046 | 8117 
7 | 8189 | 8260 | 3382 | 3403 | 3475 |] 3546 | 3618 | 3689 | 3761 | 3832 
8| 3904 | 3975 | 4046 | 4118 | 4189 |) 4261 | 4332 | 4403 | 4475 | 4546 
9| 4617 | 4689 | 4760 | 4831 | 4902 || 4974 | 5045 | 5116 | 5187 | 5259 
610 | 5830 | 5401 | 5472 | 5543 | 5615 || 5686 | 5757 | 5828 | 5899 | 5970 
1} 6041 | 6112 | 183 | 6254 | 6325 || 6396 | 6467 | 6538 | 6609 | Beso | 71 
2| 6751 | 6822 | 6893 | 6964 | 7035 || 7106 | 7177 | v248 | 7319 | 7390 
3 | 7460 | 7531 | 7602 | 7673 | 7744 || 7815 | 7885 | 7956 | 8027 | 8098 
4| 8168 | 8239 | 8310 | 8881 | 8451 || 8522 | 8593 | 8663 | 8734 | 8804 
5 | 8875 | 8946 | 9016 | 9087 | 9157 || 9228 | 9299 | 9369 | 9440 | 9510 
6 | 9581 | 9651 | 9722 | 9792 | 9863 |} 9933 |——}—_|__|_ 
——|—— | ——_ | ___]|_ __ 0074 | 0144 | 0215 
7% | 790285 | 0356 | 0426 | 0496 | 0567 || 0637 | 0707 | 0778 | 0848 | 0918 
8 | 0988 | 1059 | 1129 | 1199 | 1269 || 1840 | 1410 | 1480 | 1550 | 1620 
9} 1691 | 1761 | 1831 | 1901 | 1971 |) 2041 | 2111 | 2181 } 2252 | 2208 
620 | 2392 | 2462 | 2532 | 2602 | 2672 || 2742 | 2812 | esse | 2052 | 022] 70 
1] 8092 ) 8162 | 8231 | 8301 | 3371 || 344i | 8511 | 3581 | 3651 | 3701 
2| 8790 | 3860 | 3930 4070 || 4189 | 4209 | 4279 | 4349 | 4418 
3 | 4488 | 4558 | 4627 ) 4697 | 4767 || 4836 | 4906 | 4976 | 5045 | 5115 
4) 5185 | 5254 | 5324 | 5893 | 5463 || 5582 | 5602 | 5672 | 5741 | 5811 
5 | 5880 | 5949 | 6019 | 6088 | 6158 || 6227 | 6297 | 6366 | 6436 | 6505 
6 | 574 | 6644 | 6713 | 6782 | 6852 || 6921 | 6990 | 7060 | 7129 | 7198 
@ | 7268 | 7837 | 7406 | 7475 | 7545 || 7614 | 7688 | 7752 | 7821 | 7890 
8 | 7960 | 8029 | 8098 | 8167 | 8236 || 8305 | 8374 | 8443 | 8513 | 8582 
9 | 8651 | 8720 | 8789 | 8858 | 8927 || 8996 | 9065 | 9184 | 9203 | 9272] 9 












































Diff. 1 2 8 4 5 6 ¢ 8 9 
1) 4201) 115.0 22.5 30.0 37.5 45.0 52.5 60.0 67.5 
%4 G.4} 14.8 22.2 29.6 387.0 44.4 51.8 59.2 66.6 
73 7.3 | 14.6 21.9 29.2 86.5 43.8 51.1 58.4 65.7 
72 7.2| 14.4 21.6 28.8 36.0 43.2 50.4 57.6 64.8 
71 7.1] 14.2 21.3 28.4 35.5 42.6 49.7 56.8 63.9 
70 7.0] 14.0 21.0 28.0 35.0 42.0 49.0 56.0 63.0 
69 6.9 | 13.8 20.7 27.6 34.5 41.4 48.3 55.2 62.1 
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No. 680 BL. 799.] [No. 674 L, 829, 


























6723 | 6787 | 6852 | 6917 | 6981 || 7046 | 7111 | 7175 | 7240 | 7305 
7369 | 7434 | '7499 | '7563 | 7628 || 7692 | 7757 | 7821 | 7886 | 7951 
8015 | 8080 | 8144 | 8209 | 8273 || 8388 | 8402 | 8467 | 8531 | 8595 
8660 | 8724 | 8789 | 8853 | 8918 || 8982 | 9046 | 9111 | 9175 | 9289 


1 | 800029 | 0098 | 0167 | 0286 | 0305 || 0378 0511 | 0580 | 0648 
2 O717 | 0786 | 0854 | 0923 | 0992 || 1061 | 1129 | 1198 | 1266 | 1385 
3 1404 | 1472 | 1541 | 1609 | 1678 || 1747 | 1815 | 1884 | 1952 | 2021 
4 2089 | 2158 | 2226 | 2295 | 2863 || 2482 | 2500 | 2568 | 2637 | 2705 
5 2774 | 2842 | 2910 | 2979 | 3047 || 3116 | 3184 | 8252 | 3321 | 3389 
6 8457 | 3525 | 3594 | 3662 | 3730 || 3798 | 3867 | 3935 | 4003 | 4071 
v4 4139 | 4208 | 4276 4412 || 4480 | 4548 | 4616 | 4685 | 4753 
8 4821 | 4889 | 4957 | 5025 | 5093 || 5161 | 5229 | 5297 | 5365 | 5453 68 
9 5501 | 5569 | 5637 | 5705 | 5773 || 5841 | 5908 | 5976 | 6044 | 6112 
640 | 806180 | 6248 | 6316 | 6884 | 6451 || 6519 | 6587 | 6655 | 6723 | 6790 
1 6858 | 6926 | 6994 | 7061 | 7129 || 7197 | 7264 | 7332 | 7400 | 7467 
2 7535 | %603 | 7670 | 7738 | 7806 || 7873 | 7941 | 8008 | 8076 | 8143 
3 8211 | 8279 | 8346 | 8414 | 8481 || 8549 | 8616 | 8684 | 8751 | 8818 
4 8886 | 8953 | 9021 | 9088 | 9156 || 9223 | 9290 | 9858 | 9425 | 9492 
5 9560 | 9627 | 9694 | 9762 | 9829 || 9896 | 9964 |——|——__|_ 
——|——_ ||| | |} 0031 | 0098 | 0165 
6 | 810233 | 0300 | 0367 0501 |} 0569 | 0636 | 0703 | 0770 | 0837 
7 0904 | 0971 | 1039 | 1106 } 1173 || 1240 | 1807 | 1874 | 1441 | 1508 6% 
8 1575 | 1642 | 1709 | 1776 | 1848 || 1910 | 1977 2111 | 2178 
9 2312 | 2379 2512 || 2579 | 2646 | 2718 | 2780 | 2847 
650 2918 | 2980 | 3047 | 3114 | 3181 || 3247 | 3314 | 3381 | 3448 | 3514 
1 8581 | 3648 | 8714 | 8781 | 3848 || 3914 | 8981 | 4048 | 4114 | 4181 
2 : 4314 | 4381 | 4447 | 4514 || 4581 | 4647 | 4714 | 4780 | 4847 
3 4913 | 4980 | 5046 | 5118 | 5179 || 5246 | 5812 | 5878 | 5445 | 5511 
4 5578 | 5644 | 5711 | 5777 | 5848 || 5910 | 5976 | 6042 | 6109 | 6175 
5 6241 | 6308 | 6374 | 6440 | 6506 || 6573 | 6639 | 6705 | 6771 | 6838 
6 6904 | 6970 | 7036 | 7102 | 7169 || 7285 | 7301 | 7367 | 7433 | 7499 
vg 7565 | 7631 | 7698 | 7764 | '7830 || 7896 | 7962 8094 | 8160 
8 8226 | 8292 | 8358 8490 || 8556 | 8622 | 8688 | 8754 | 8820 66 
9 8951 | 9017 | 9083 | 9149 || 9215 | 9281 | 9346 | 9412 | 9478 
660 9544 | 9610 | 9676 | 9741 | 9807 || 9873 | 9989 
Be ——_|—___|—____|—___|| —__| | 0004 | 0070 | 0136 
1 | 820201 | 0267 | 0333 | 0399 | 0464 || 0530 | 0595 | 0661 | 0727 | 0792 
2 0858 | 0924 | 0989 | 1055 | 1120 || 1186 | 1251 | 1317 | 1382 | 1448 
3 $514 | 1579 | 1645 | 1710 | 1775 || 1841 | 1906 | 1972 | 2037 | 2103 
4 2168 | 2283 | 2299 | 2864 | 2480 || 2495 | 2560 | 2626 | 2691 | 2756 
5 2822 | 2887 | 2952 | 8018 | 8083 || 3148 | 3218 | 3279 | 3344 | 3409 
6 3474 | 3539 | 3605 | 3670 | 8735 || 8800 | 8865 | 3930 | 3996 | 4061 
v4 4126 | 4191 | 4256 | 4821 | 4886 || 4451 | 4516 | 4581 | 4646 | 4711 65 
8 4776 | 4841 | 4906 | 4971 | 5036 || 5101 | 5166 | 5231 | 5296 | 5361 
9 5426 | 5491 | 5556 | 5621 | 5686 || 5751 | 5815 | 5880 | 5945 | 6010 
67 4 6075 | 6140 | 6204 | 6269 | 6334 |] 6399 | 6464 | 6528 | 6593 | 6658 
2 
3 
4 
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No. 675 L. 829.] No, 719 L. 857. 
wit o? |) a |) eli a8 |] a ow fe |e 1 Be [ods |e 
675 | 829304 | 9368 | 9432 | 9497 | 9561 || 9625 | 9690 | 9754 | 9818 | 982 
DOE) aes ee Poel | een apm (peste seo aor am le cee 
0011 | 0075 | 0189 | 0204 || 0268 | 0332 | 0396 | 0460 | 0525 
7 | 830589 | 0653 | O717 | O781 | 0845 || 0909 | 0973 | 1037 | 1102 | 1166 
1230 | 1294 | 1858 | 1422 | 1486 || 1550 | 1614 | 1678 | 1742 | 1806 | 64 
9 1870 | 1934 | 1998 | 2062 | 2126 || 2189 53 | 2817 | 2381 | 2445 
680 2509 | 2573 | 2637 | 2700 | 2764 || 2828 | 2892 | 2956 | 3020 | 3083 
1 3147 | 3211 | 3275 | 33838 | 3402 || 3466 | 3530 | 3593 | 3657 | 3721 
2 3784 | 3848 | 3912 | 8975 | 4039 || 4103 | 4166 | 4230 | 4294 | 4357 
3 4421 | 4484 | 4548 | 4611 | 4675 || 4789 | 4802 | 4866 | 4929 | 4993 
4 5056 } 5120 | 5183 | 5247 | 5310 || 5373 | 5437 | 5500 | 5564 | 5627 
5 5691 | 5754 | 5817 | 5881 | 5944 || 6007 | 6071 | 6134 | 6197 | 6261 
6 6324 | 6387 | 6451 | 6514 ; 6577 || 6641 | 6704 | 6767 | 6830 | 6894 
7 6957 | 7020 | 7083 | 7146 | 7210 || 7278 | 7336 | 7399 | "7462 | "7525 
8 7588 | 7652 | 7715 | 7778 | 7841 || 7904 | 7967 | 8030 | 8093 | 8156 63 
9 8219 | 8282 | $345 | 8408 | 8471 || 8534 | 8597 | 8660 | 8723 | 8786 
690 8849 | 8912 | 8975 | 9038 | 9101 || 9164 | 9227 | 9289 | 9352 | 9415 
1 9478 | 9541 | 9604 | 9667 | 9729 || 9792 | 9855 | 9918 | 9981 a | 
2 | 840106 | 0169 | 0232 | 0294 | 0357 || 0420 | 0482 | 0545 | 0608 | 0671 
3 0733 | 0796 | 0859 | 0921 | 0984 || 1046 | 1109 | 1172 | 1234 | 1297 
4 1859 | 1422 | 1485 | 1547 | 1610 |} 1672 | 1735 | 1797 | 1860 | 1922 
5 1985 | 2047 | 2110 | 2172 | 2285 || 2297 | 2360 | 2492 | 2484 | 2547 
6 2609 | 2672 | 2734 | 2796 | 2859 || 2921 | 2993 | 3046 | 3108 | 3170 
7 8233 | 3295 | 3357 | 3420 | 3482 || 3544 | 3606 | 3669 | 3731 | 3793 
8 3855 | 3918 | 8980 | 4042 | 4104 |] 4166 | 4229 | 4291 | 4353 | 4415 
9 4477 | 4539 | 4601 | 4664 | 4726 || 4788 | 4850 | 4912 | 4974 | 5036 
700 5098 | 5160 | 5222 | 5284 | 5346 |! 5408 | 5470 | 5582 | 5594 | 5656 €2 
1 5718 | 5780 | 5842 | 5904 | 5966 || 6028 | 6090 | 6151 | 6213 | 6275 
2 6337 | 6399 | 6461 | 6523 85 |} 6646 | 6708 | 6770 | 6832 | 6894 
3 6955 | 7017 | 7079 | 7141 | 7202 || 7264 | 7326 | 7388 | 7449 | 7511 
4 7573 | 7634 | 7696 | 7758 | 7819 || 7881 | 7943 | g004 | 8066 | 8128 
5 8189 | 8251 | 8312 | $374 35. }| 8497 | 8559 | 8620 ; 8682 | 8743 
6 8805 | 8866 | 8928 | 8989 | 9051 || 9112 | 9174 | 9235 | 9297 | 9358 
if 9419 | 9481 | 9542 | 9604 } 9665 || 9726 | 9788 | 9849 | 9911 | 9972 
8 | 850033 | 0095 | 0156 | 0217 | 0279 || 0340 | 0401 | 0462 | 0524 | 0585 
9 0646 | 0707 | 0769 | 0830 | 0891 |) 0952 | 1014 | 1075 | 1136 | 1197 
710 1258 | 1820 | 1381 | 1442 | 1508 || 1564 | 1625 | 1686 | 1747 | 1809 
1 1870 | 1931 | 1992 | 2058 | 2114 || 2175 | 2236 | 2297 | 2358 2419 61 
2 2480 | 2541 | 2602 | 2663 | 2724 || 2785 | 2846 | 2907 | 2988 | 3029 
3 3090 | 3150 | 3211 | 3272 | 3383 || 3394 | 3455 | 3516 | 3577 | 3637 
4 3698 | 3759 | 3820 | 3881 | 3941 || 4002 | 4063 | 4124 | 4195 4245 
5 4306 | 4367 | 4428 | 4488 | 4549 || 4610 | 4670 | 4731 | 4799 4852 
6 4913 | 4974 | 5034 | 5095 | 5156 || 5216 | 5277 | 5337 | 5398 5459 
7 5519 | 5580 | 5640 | 5701 | 5761 || 5822 | 5882 | 5943 | 6003 6064 
8 6124 | 6185 | 6245 | 6306 | 6366 || 6427 | 6487 | 6548 | 6608 6668 
9 6729 | 6789 | 6850 | 6910 | 6970 || 7031 | 7091 | 7152 | 7212 7272 
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No. 720 L. 857.] (No. 764 L. 883, 























N. a9iahele 9. | Diff. 
720 1513 1875 
1 8116 8477 
2 8718 9078 
3 9318 9679 | 60 
4 9918 Msc Mitel Rascal Metso Bll 
Sere 0278 
5 0518 0877 
6 1116 1475 
7 1714 2072 
8 2310 2668 
9 2906 3263 
730 3501 3858 
1 4096 | 4452 
2 4689 5045 
3 5282 5637 
4 5874 6228 
5 6465 6819 | 5 
6 "7055 7409 
7 7644 71998 
8 8233 8586 
9 8821 9173 
740 | 9408 9760 
1 9994 ciel Nia cea Radel A a 
pica 0345 
2 0579 | 0980 
3 1164 1515 
4 1748 2008 
5 2331 2681 
6 2918 3262 
7 | 3495 3844 
8 4076 4404 | 58 
9 4656 5008 
750 5235 5582 
1 5813 6160 
2 6391 6737 
3 6968 7314 
4 7544 | 7889 
5 8119 8404 
6 8694 9039 
7 9268 9612 
8 9841 ital Beinek a Rested bee-rod 
io Badod bal Btieed Bot 0185 
9 | 043 0756 
760 | 0985 1328 
1 1556 1898 | pn 
2 2196 2468 
3 2695 80387 
4 3264 3605 
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Diff. 1 2 3 4 5 6 76 8 9 


5.7] 11.4 11 22.8 28.5 34.2 39.9 45.6 | 51.3 
5.6] 11.2 16.8 22.4 28.0 33.6 39.2 44.8 | 50.4 
55 5.5] 11.0 16.5 22.0 27.5 33.0 38.5 44.0 | 49.5 
5.4} 10.8 16.2 21.6 27.0 32.4 37.8 43.2 6 
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No. 810 L. 908.] [No. 854 L. 981. 

EE RE el A SE es SRN | eee Rs Ts Sal Satori eaten 

N. 0 1 2 3 4 6 6 z 8 9 | Diff. 

810 | 908485 | 8539 | 8592 | 8646 | 8699 || 8753 | 8807 | 8860 | 8914 | 8967 
1 9021 | 9074 | 9128 | 9181 | 9235 |) 9289 | 9342 | 9396 | 9449 | 9503 
2 9556 | 9610 | 9663 | 9716 | 9770 || 9823 | 9877 | 9980 | 9984 

Lea Lee ee ee ——|——__| 0087 
3 | 910091 | 0144 | 0197 | 0251 | 0304 || 0858 | 0411 | 0464 | 0518 | 0571 
4 0624 | 0678 | 0731 | 0784 | 0888 || O891 | 0944 | 0998 | 1051 | 1104 
5 1158 | 1211 | 1264 | 1817 | 1871 || 1424 | 1477 | 1530 | 1584 | 1637 
6 1690 | 1743 | 1797 | 1850 | 1903 |} 1956 | 2009 | 2063 | 2116 | 2169 
4 2222 | 2275 | 2828 | 2381 | 2435 || 2488 | 2541 | 2594 | 2647 | 2700 
8 2753 | 2806 | 2859 | 2913 | 2966 || 8019 | 3072 | 3125 | 3178 | 3231 
9 3284 | 3337 | 3390 | 3443 | 8496 || 3549 | 3602 | 3655 | 3708 | 3761 53 

820 8814 | 3867 | 3920 | 3978 | 4026 || 4079 | 4132 | 4184 | 4237 | 4290 
1 4343 | 4396 | 4449 | 4502 | 4555 || 4608 | 4660 | 4713 | 4766 | 4819 
2 4872 | 4925 | 4977 | 5030 | 5088 || 5136 | 5189 | 5241 | 5294 | 5347 
3 5400 | 5453 | 5505 | 5558 | 5611 || 5664 | 5716 | 5769 | 5822 | 5875 
4 5927 | 5980 | 6033 | 6085 | 6188 || 6191 | 6248 | 6296 | 6349 | 6401 
5 6454 | 6507 | 6559 | 6612 | 6664 || 6717 | 6770 | 6822 | 6875 | 6927 
6 6980 | 7033 | 7085 | 7188 | 7190 || 7248 | 7295 | 7348 | 7400 | 7453 
vi 7506 | 7558 | 7611 | 7663 | 7716 || 7768 | 7820 | 7873 | 7925 | 7978 
8 8030 | 8083 | 8135 | 8188 | 8240 || 8293 | 8345 | 8397 | 8450 | 8502 
9 8555 | 8607 | 8659 | 8712 | 8764 || 8816 | 8869 | 8921 | 8973 | 9026 

830 9078 | 9180 | 9183 | 9235 | 9287 || 93840 | 9392-| 9444 | 9496 | 9549 

AL 9601 | 9653 | 9706 | 9758 | 9810 || 9862 | 9914 | 9967 —- 
| |_|. |] |_| |_| 0019 | 0071 
2 | 920128 | 0176 | 0228 | 0280 | 0382 || 0384 | 0486 | 0489 | 0541 | 0598 
3 0645 | 0697 | 0749 | 0801 | 0853 || 0906 | 0958 | 1010 | 1062 | 1114 52 
4 1166 | 1218 | 1270 | 1822 | 1374 || 1426 | 1478 | 15380 | 1582 | 1634 
5 1686 | 1738 | 1790 | 1842 | 1894 || 1946 | 1998 | 2050 | 2102 | 2154 
6 2206 | 2258 | 2310 | 2362 | 2414 || 2466 | 2518 | 2570 | 2622 | 2674 
7 2725 | 2777 | 2829 | 2881 | 2983 |} 2585 } 80387 | 8089 | 8140 | 3192 
8 8244 | 3296 | 3348 | 3399 | 3451 || 8503 | 8555 | 8607 | 8658 | 3710 
9 3762 | 8814 | 3865 | 8917 | 3969 || 4021 | 4072 | 4124 | 4176 | 4228 

840 4279 | 4331 | 4383 | 4434 | 4486 || 4538 | 4589 | 4641 | 4693 | 4744 
aL 4796 | 4848 | 4899 | 4951 | 5008 || 5054 | 5106 | 5157 | 5209 | 5261 
2 5312 | 5364 | 5415 | 5467 | 5518 || 5570 | 5621 | 5678 | 5725 | 5776 
3 5828 | 5879 | 5931 | 5982 | 6034 || 6085 | 61387 | 6188 | 6240 | 6291 
4 6342 | 6394 | 6445 | 6497 | 6548 || 6600 | 6651 | 6702 | 6754 | 6805 
5 6857 | 6908 | 6959 | 7011 | 7062 || 7114 | '7165 | 7216 | 7268 | 7319 
6 7370 | 7422 | '7473 | 7524 | 7576 || 7627 | 7678 | 7730 | 7781 | 7882 
7 7883 | 7935 | 7986 | 8037 | 8088 || 8140 | 8191 | 8242 | 8293 | 8345 
8 8396 | 8447 | 8498 | 8549 | 8601 || 8652 | 8703 | 8754 | 8805 | 8857 
9 8908 | 8959 | 9010 | 9061 | 9112 || 9153 | 9215 | 9266 | 9317 | 9368 

850 9419 | 9470 | 9521 | 9572 | 9628 || 9674 | 9725 | 9776 | 9827 | 9879 51 
1 9930 | 9981 |———|--——_ — _— 

0032 | 0083 | 0184 (| 0185 | 0286 | 0287 | 0388 | 03889 

2 | 980440 | 0491 | 0542 | 0592 | 0643 || 0694 | 0745 | 0796 | 0847 | 0898 

3 0949 | 1000 | 1051 | 1102 | 1153 || 1204 | 1254 | 1805 | 1356 | 1407 

4 1458 | 1509 | 1560 | 1610 | 1661 || 1712 | 1763 | 1814 | 1865 | 1915 
PROPORTIONAL PARTS. 

Diff. 1 2 3 4 5 6 7 8 9 
53 5.3 1 15.9 21.2 26.5 87.1 42.4 47.7 
52 5.2 10.4 15.6 20.8 26.0 81.2 36.4 41.6 46.8 
51 6.1 10.2 15.3 20.4 25.5 80.6 35.7 40.8 45.9 
50 5.0] 10.0 15.0 20.0 25 30.0 35.0 40.0 45.0 
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N. 0 


855 | 931966 
2474 
2981 
8487 
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No 900 L. 954.] [No. 944 L. 975, 
NuitiO¢ || BH Sl S474 We the ie | se l'on! pie 
900 | 954248 | 4201 | 4339 | 4387 | 4435 4582 | 4580 | 4628 | 4677 
1] 4725 | 4778 | 4821 | 4869 | 4918 || 4966 | 5014 | 5062 | 5110 | 5158 
2| 5207 | 5255 | 5303 | 5351 | 5399 || 5447 | 5495 | 5543 | 5592 | 5640 
3 5736 | 5784 | 5838 5928 | 5976 | 6024 | 6072 | 6120 
4| 6168 | 6216 | 6265 | 6818 | 6361 || 6409 | 6457 | 6505 | 6553 | 6601 | 4g 
5| 6649 | 6697 | 6745 | 6793 | 6840 || 6888 | 6936 | 6984 | 7032 | 2080 
6| 7128 | 7176 | 7224 | ve72 | 7320 || 7368 | 7416 | 7464 | 7512 | 7559 
7| 7607 | 7655 | 7703 | 7751 | 7799 || 7847 | 7894 | 7942 | 7990 | 8088 
8} 8086 | 8134 | 8181 | 9229 | 9277 || 8325 | 9373 | 842i | 8468 | 8516 
9| 8564 | 8612 | 8659 | 8707 | 8755 || 8803 | 8850 | 8898 | 8946 | 8994 
910 | 9041 | 9089 | 9187 | 9185 | 9282 || 9280 | 9328 | 9375 | 9408 | 9471 
1] 9518 | 9566 | 9614 | 9661 | 9709 || 9757 | 9604 | 9852 | 9000 | 9947 
0090 | 0138 | 0185. || 0238 | 0280 | 0328 | 0376 | 0428 
83 | 960471 | 0518 | 0566 | 0613 | 0661 || 0709 | 0756 | 0804 | 0851 | 0899 
4 0994 | 1041 | 1089 | 1136 || 1184 | 1231 | 1279 | 1326 | 1374 
5| 1421 | 1469 | 1516 | 1568 | 1611 || 1658 | 1706 | 1753 | 1801 | 1848 
6} 1895 | 1943 | 1990 | 2038 | 2085 || 2132 | 2180 | 2207 | 2075 | e308 
7| 2369 | 2417 | 2464 | 2511 | 2559 || 2606 | 2653 | 2701 | 2748 | 2795 
8 | 2848 | 2890 | 2987 | 2985 | 3032 || 3079 | 3126 | 3174 | 3201 | 3268 
9} 3316 | 3363 | 3410 | 3457 | 3504 || 3552 | 3599 | 3646 | 3693 | 3741 
920] 3788 | 3835 | agse | 3929 | 8077 || 4024 | 4ozt | 4118 | 4165 | 4212 
~1| 4260 | 4307 | 4354 | 4401 | 4448 || 4495 | 4542 | 4590 | 4637 | 4684 
2| 4731 | 4778 | 4825 | 4872 | 4919 || 4966 | 5013 | 5061 | 5108 | 5155 
3| 5202 | 5249 | 5296 | 5348 | 5390 || 5437 | 5484 | 5531 | 5578 | 5625 
4] 5672 | 5719 | 5766 | 5813 | 5860 || 5907 | 5954 | 6001 | 6048 | 6095 | 47 
5| 6142 | 6189 | 6236 | 6288 | 6329 || 6376 | 6423 | 6470 | 6517 | 6564 
6| 6611 | 6658 | 6705 | 6752 | 6799 63892 | 6939 | 6986 | 7033 
7| 7080 | 7127 | 7173 | 7220 | 7267 || 7314 | 7361 | 7408 | 7454 | 7501 
8| 7548 | 7595 | 7642 | 7688 | 7735 || 7782 | 7829 | 7875 | 7922 | 7960 
9} 8016 | 8062 | 8109 | 8156 | 8203 || 8249 | 8296 8390 
930 | 8488 | 8580 | 8576 | 8628 | 8670 || 8716 | 8763 | 8810 | 8856 | 8903 
1| 8950 | 8996 | 9043 | 9090 | 9136 || 9183 | 9229 | 9276 | 9328 | 9369 
2} 9416 | 9463 | 9509 | 9556 | 9602 || 9649 | 9695 | 9742 | 9789 | 9835 
3| 9882 | 9928 | 9975 erty emia sve ems Ea f em 
Be sd 0021 | 0068 || 0114 | 0161 | 0207 | 0254 | 0300 
4 | 970347 | 0393 | 0440 | 0486 | 0533 | 0579 | 0626 | 0872 | ov19 | 0765 
5| 0812 | 0858 | 0904 | 0951 | 0997 || 1044 | 1090 | 1137 | 11883 | 1229 
6| 1276 | 1322 | 1369 | 1415 | 1461 |] 1508 | 1554 | 1601 | 1647 | 1698 
7| 1740 | 1786 | 1882 | 1879 | 1925 || 1971 | 2018 | 2064 | 2110 | 2157 
8 | 2203 | 2249 | 2295 | 2342 | 2388 || 2494 | 2481 | e527 | 2573 | 2619 
9| 2666 | 2712 | 2758 | 2804 | 2851 || 2897 | 2948 | 2089 | 3035 | 3082 
940 | 8128 | 8174 | 3220 | 8266 | 3313 || 3359 | 3405 | 3451 | 3497 | 3543 
i] 3590 | 3636 | 3682 | 3728 | 3774 || 3820 | 3866 | 3913 | 3959 | 4005 
2| 4051 | 4097 | 4143 | 4189 | 4295 || 4281 | 4327 | 4374 | 4420 | 4466 
3| 4512 | 4558 | 4604 | 4650 | 4696 || 4742 | 4788 | 4834 | 4880 | 4926 
4| 4972 | 5018 | 5064 | 5110 | 5156 || 5202 | 5248 | 5204 | 5840 | 5886 | 46 




















PROPORTIONAL PARTS, 


ee 


Diff. 1 2 3 4 5 6 7 8 9 











47 4.7| 9.4 14.4 18.8 23.5 28.2 82.9 87.6 42.3 
46 4.6 9.2 13.8 18.4 23.0 27.6 82.2 36.8 41.4 
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No. 945 L. 975.] [No. 989 L. 995, 
N 0 1 2 3 4 5 6 v4 8 9 | Diff. 
945 | 975432 | 5478 | 5524 | 5570 ole 5662 | 5707 | 5753 | 5799 | 5845 
6 5891 | 5937 | 5983 | 6029 | 6075 || 6121 | 6167 | 6212 | 6258 | 6304 
7 6350 | 6396 6488 | 6533 || 6579 | 6625 | 6671 | 6717 | 6763 
8 6808 | 6854 | 6900 | 6946 | 6992 || 7037 | 7083 | 7129 | 7175 | 7220 
9 7266 | 7312 | 7358 | 7403 | 7449 |) 7495 | 7541 | 7586 | 7682 | 7678 
950 7724 | 7769 | ‘7815 | 7861 | 7906 || 7952 | 7998 | 8043 | 8089 | 8135 
1 8181 | 8226 | 8272 | 8317 | 8263 || 8409 8500 | 8546 | 8591 
2 8637 | 8683 | 8728 | 87°74 | 8819 || 8865 | 8911 | 8956 | 9002 | 9047 
3 9093 | 9188 | 9184 | 9280 | 9275 || 9321 | 9866 | 9412 | 9457 | 9503 
4 9548 | 9594 | 9639 | 9685 | 9730 || 9776 | 9821 | 9867 | 9912 | 9958 
5 | 980003 | 0049 | 0094 | 0140 | 0185 || 0281 | 0276 | 0322 | 0367 | 0412 
6 8 | 0503 | 0549 | 0594 | 0640 || 0685 | 0730 | 0776 | 0821 | 0867 
7 0912 | 0957 | 1003 | 1048 | 1093 |] 1189 | 1184 | 1229 | 1275 | 132 
8 1366 | 1411 | 1456 | 1501 | 1547 || 1592 | 1637 | 1688 | 1728 | 1773 
9 1819 | 1864 | 1909 | 1954 | 2000 !) 2045 | 2090 | 2125 | 2181 | 2226 
960 2271 | 2816 | 2862 | 2407 | 2452 || 2497 | 2543 | 2588 | 2633 | 2678 
i 2723 | 2769 | 2814 | 2859 | 2904 || 2949 | 2994 | 3040 | 3085 | 3130 
2 8175 | 3220 | 8265 | 3810 | 3356 || 3401 | 3446 | 8491 | 8536 | 3581 
3 3626 | 8671 | 8716 | 3762 | 8807 || 38852 | 3897 | 8942 | 3987 | 4032 
4 4077 | 4122 | 4167 | 4212 | 4257 || 4302 | 4847 | 4392 | 4437 | 4452 45 
5 4527 | 4572 | 4617 | 4662 | 4707 || 4752 | 4797 | 4842 | 4887 | 4932 
6 4977 | 5022 | 5067 | 5112 | 5157 || 5202 | 5247 | 5292 | 5337 | 5382 
v4 5426 | 5471 | 5516 | 5561 | 5606 |! 5651 | 5696 | 5741 | 57865 | 5830 
8 5875 | 5920 | 5965 | 6010 | 6055 |} 6100 | 6144 | 6189 | 6234 | 6279 
9 6324 | 6369 | 6413 | 6458 | 6503 || 6548 | 6593 | 6687 | 6682 | 6727 
970 6772 | 6817 | 6861 | 6906 | 6951 || 6996 | 7040 | 7085 | 7130 | 7175 
1 7219 | 7264 | 7809 | 73853 | 7398 || 7443 | 7488 | 7532 | 7577 | 7622 
2 7666 | 7711 | 7756 | '7800 | 7845 || 7890 | 7984 | 7979 | 8024 | 8068 
3 8113 | 8157 | 8202 | 8247 | 8291 || 8336 | 8381 | 8425 | 8470 | 8514 
4 8559 | 8604 | 8648 | 8693 | 8787 || 8782 | 8826 | 8871 | 8916 | 8960 
5 9005 | 9049 | 9094 | 9138 | 9183 || 9227 | 9272 | 9316 | 9361 | 9405 
6 9450 | 9494 | 9539 | 9583 | 9628 || 9672 | 9717 | 9761 | 9806 | 9850 
us 9895: 1/9939) (9983: | SS Se eee eee 
—— |—— | 0028 | 0072 || 0117 | 0161 | 0206 | 0250 | 0294 
8 | 990389 | 0383 0472 | 0516 || 0561 | 0605 | 0650 | 0694 | 0788 
9 0783 | 0827 | 0871 | 0916 | 0960 || 1004 | 1049 | 1093 | 1187 | 1182 
980 1226 | 1270 | 1815 | 1859 | 1408 || 1448 | 1492 | 1586 | 1580 | 1625 
a] 1669 | 1713 | 1758 | 1802 } 1846 || 1890 | 1935 | 1979 | 2028 | 2067 
2 2111 | 2156 2288 2877 | 2421 | 2465 | 2509 
3 2554 | 2598 | 2642 | 2686 | 2730 || 2774 | 2819 63 | 2907 | 2951 
4 2995 | 8039 | 8083 | 3127 | 3172 || 8216 | 3260 | 3304 | 3348 | 3399 
5 8436 | 3480 | 3524 | 3568 | 3613 || 3657 | 3701 | 8745 | 3789 
6 8877 | 3921 | 3965 9 | 4053 || 4097 | 4141 | 4185 | 4229 | 4273 
7 4317 | 4361 | 4405 | 4449 | 4493 || 4587 | 4581 | 4625 | 4669 | 4713 44 
8 4757 | 4801 | 4845 | 4889 | 4933 || 4977 | 5021 | 5065 | 5108 | 5152 
9 5196 | 5240 | 5284 | 5828 | 5372 || 5416 | 5460 | 55u4 | 5547 | 5597 








| | | 


TABLE XXIV.—LOGARITHMS OF NUMBERS 


No. 990 L. 995.] 


N. 


990 


CO WIR COI 





al ms 
SOWOWR ooowee | a 








5723 
6161 
6599 
7037 
VA74 
7910 
8347 
8782 
9218 
9652 





5854 
6293 
6731 


7605 





5898 
6337 
6774 
7212 
7648 


8521 
8956 
9392 
9826 


107 


[No. 999 L. 999 


8 


5986 
6424 
6862 
7299 
736 
8172 
8608 
9043 
9479 
9913 





LoearitHms or Numbers From 1 To 100, 














Log, N.| Log. N. 
0.000000 || 21 | 1.322219 || 41 
0.301030 || 22 | 1.842428 || 42 
0.477121 || 23 | 1.861728 || 43 
0.602060 || 24 | 1.880211 || 44 
0.698970 || 25 | 1.397940 || 45 
0.778151 || 26 | 1.414973 || 46 
0.845098 || 27 | 1.431364 || 47 
0.903090 || 28 | 1.447158 |} 48 
0.954243 || 29 | 1.462398 || 49 
1.000000 |} 30 | 1.477121 || 50 
1.041393 |] 81 | 1.491362 || 51 
1.079181 ||} 32 | 1.505150 || 52 
1.113943 || 33 | 1.518514 || 53 
1.146128 || 34 | 1.531479 || 54 
1.176091 || 35 | 1.544068 || 55 
1.204120 || 36 | 1.556308 || 56 
1.230449 || 37 | 1.568202 || 57 
1.255273 || 38 | 1.579784 || 58 
1.278754 || 39 | 1.591065 || 59 
1.801030 || 40 | 1,602060 60 





Log. 


612784 
623249 
- 633468 
- 643453 
658213 


. 662758 
672098 
- 681241 
-690196 
-698970 


- 707570 
- 716003 
= (24276 
- 732394 
- 740363 


-'748188 
755875 
763428 
1.770852 
1.778151 


Pata RR RRR PER pp 

















N.| Log. N. 
61 | 1.785330 || 81 
62 | 1.792392 || 82 
63 | 1.799341 || 83 
64 | 1.806180 || 84 
65 | 1.812918 || 85 
66 | 1.819544 |) 86 
67 | 1.826075 || 87 
68 | 1.832509 || 88 
69 | 1.838849 |} 89 
70 | 1.845098 |! 90 
71 | 1.851258 || 91 
72 | 1.857332 || 92 
73 | 1.863323 || 93 
74 | 1.869282 || 94 
7 | 1.875061 |] 95 
76 | 1.880814 |} 96 
77 | 1.886491 || 97 
78 | 1.892095 || 98 
79 | 1.897627 || 99 
80 | 1.903090 |/100 


| Diff. 


44 





Log. 





1.908485 
1.913814 
1.919078 
1.924279 
1.929419 


1.934498 
1.939519 
1.944483 
1.949390 
1.954243 


1.959041 
1.963788 
1.968483 
1.973128 
1.977724 


1.982271 
1.986772 
1.991226 
1.995635 
2.000000 


et 
a 


Value 

at 0°, 
ae mbieig ars « Oo 
BIR Shave 3 oO 
SOC esos. R 
Versin oO 
Cos .. R 
Cote acct.» (oe) 
Cosec..... eo} 








Sign 
in 1st 
Quad, 


Value 
at 90°, 





BOOW8 8 























Sign | Value Sign | Value 
in 2d at in 8d at 
Quad.| 180°. | Quad.} 270°. 

+ Oo - R 

_ O © 

= 2k + 

= R i 9 

_ CO 

+ co) - R 














Sign 
in 4th 
Quad. 





Het Seat tat 


Value 
at 
360°, 








8 8 HOHOO 





R signifies equal to rad; signifies infinite; O signifies evanescent, 

















TABLE XXV.—LOGARITHMIC SINES 








108 
o° Sine. 
” , 

0 | 0 | Inf. neg. 
60 | 1 | 6.463726 
120} 2)| .764756 
180 | 3 | 6.940847 
240 | 4 | 7.065786 
300 | 5 | .162696 
360 6 .241877 
420 | 7 | .808824 
480 | 8] .866816 
540 | 9] .417968 
600 | 10 | .468726 
660' | 11 | 7.505118 
720'| 12 | .542906 
780 | 13 .577668 
840 | 14] .609853 
900 | 15} .639816 
960 | 16 | .667845 
1020 | 17 | .694173 
1080 | 18 | .718997 
1140 | 19 | 742478 
1200 | 20| .%64754 
1260 | 21 | 7.785943 
1820 | 22 | .806146 
1880 | 23 | .825451 
1440 | 24} .842984 
1500 | 25 | .861662 
1560 | 26 | .878695 
1620 | 27 | .895085 
1680 | 28 | .910879 
1740 | 29 + 926119 
1800 | 30 | .940842 
1860 | 31 | 7.955082 
1920 | 82 | .968870 
1980 | 33 | .982233 
2040 | 34 | 7.995198 
2160 | 35 | 8.007787 
2160 | 36 | .020021 
2220 | 87 | .0381919 
2280 | 38 | .043501 
2340 | 89 | .054784 
2400 | 40 065776 
2460 | 41 | 8.076500 
2520 | 42 . 086965 
2580 | 43 | 097183 
2640 | 44 |  .107167 | 
2700 | 45 | .116926 
2760 | 46 | .126471 
2820 | 47 . 135810 
2880 | 48 «144953 
2940 | 49 | .153907 
3000 | 50] .162681 
3060 | 51 | 8.171280 | 
3120 | 52] .179713 
3180 | 53 187985 
8240 | 54 . 196102 
3300 | 55} .204070 
8360 | 56 + .211895 
8420 | 57 | .219581 
8480 | 58 | .227134 
3540 | 59} .234557 
8600 | 60} 8.241855 

u” ta 
90° Cosine. 























q—l Tang. 

4.685 
575 || 575| Inf. neg. 
575 || 575.| 6.463726 
575 || 575| 64756 
575 || 575| 6.940847 
575 || 575 | 7.065786 
575 ||575| .162696 
575 || 575| 241878 
575 || 575 | .308825 
574 ||576| .3866817 
574 || 576 | .417970 
574 || 576} .463727 
574 || 576 | 7.505120 
574 || 577] 542909 
574 || 577 577672 
574 || 577 609857 
573 ||578| .639820 
573 || 5781 .667849 
573 || 578] .694179 
573 ||579| .719003 
57 73 || 579] .%42484 

572 || 580] .764761 
572 || 580] 7.785951 
572/581} .806155 
572 || 581} .825460 
571 || 582} .843944 
571 || 583} 861674 
571 || 583} .878708 
570 || 584) .895099 
570 || 584} .910894 
570 || 585} 926134 
569 || 586 940858 
569 || 587 | 7.955100 
569 || 587 968889 
568 || 588 982253 
568 || 589 | '7.995219 
567 || 590} 8.007809 
567 || 591 020044 
566 || 592 081945 
566 |) 593] .043527 
566 || 593} .054809 
565 || 594! — .065806 
565 || 595 | 8.076531 
564 || 596} .086997 
564 || 598} 097217 
563 || 599} .107203 
562 |/ 600} .116963 
562 || 601 - 126510 
561 || 602} .135851 
561 |) 603} 144996 | 
560 }| 604] 153952 
560 || 605} .162727 
559 || 607.) 8. 171328 
558 || 608}  .1'79763 
558 || 609} 188036 
557 || 611] .196156 
556 || 612] 204126 
556-}| 613]  .211953 
555 || 615 | 219641 
554 }| 616] 227195 
554//618{ .234621 
553-11 619] 8.24192} 

4.685 

q—l_ | Cotang. 


Cotang. 


Inf. pos. 
13.536274 
~ 235244 
13.059153 
12. 934214 
- 837804 
758122 
-691175 


-582030 
-586273 


12.494880 
457091 


422328 
3890143 


12. 


11.992191 
- 979956 
- 968055 
956473 
-945191 
984194 


923469 
- 913003 
-902783 
892797 
883037 
873490 
-864149 
- 855004 
-846048 
837273 


11.828672 
-820237 
-811964 
803844 
- 795874 
- 788047 
«780359 


11 





- 772805 
- 765379 
11. 758079 





Tang. 





-633183 | 


atl 


15.314 
425 
425 
425 
425 
425 
425 























l 
D1”! Cosine. 179° 
A 

ten | 60 

ten 59 

ten 58 

ten 57 

ten 56 

02 ten 55 
02 | 9.999999 | 54 
00 | 999999. | 53 
“09 | -999999 | 52 
09 | 999999 | 51 
| 7999998 | 50 
-00 | 9.999998 | 49 
02 | -999997 | 48 
00 | -999997 | 47 
“02 | 999996 | 46 
00 | 999996 | 45 
OF | -999995 | 44 
-O0'| -999995 | 43 
02 | T9gg904 | 42 
02) 999998 | 41 
: 1999993. | 40 
-€2 | 9.999992 | 39 
02 | -999991 | 38 
-02 | 1999990 | 37 
05 | .999989 | 36 
“00 | 999989. | 35 
-02,| 1999988 | 34 
02 | 2999987 | 33 
OF | 999986. | 32 
02 | 999985 | 31 
-03 | *999983.| 30 
“02 | 9.990982 | 29 
68 | -999981 | 28 
02 | 999980 | 27 
02 | 1999979 | 26 
03 | 999977 | 25 
Oe | -999976. | 24 
Og | 999975 | 23 
03 | -9999%8 | 22 
“02 | ‘999972 | 21 
02} ‘999971 | 20 
-03 | 9 999969 | 19 
62 |" 999968 | 18 
03 | 1999966 | 17 
“Op | -999964-+ 16 
03 | 1999963 | 15 
03 | 1999961 | 14 
03 | 1999959 | 18 
“02 | 1999958 | 12 
63 | 1999956 | 11 
: 999954 | 10 
031 9.999952 | 9 
‘Os | ~999950.|. 8 
G3 | .999948 | 7 
Os; .999946 | 6 
On| 999944 | 5 
On| .999942 | 4 
103 | - 999940 3 
= 999938 | 1 
-08 | 9 999934 | 0 
v 

D1”| Sine. ~89° 

















OOAIMPOP WOES * 








COSINES, TANGENTS, AND COTANGENTS 109 


Sine. 


8. 241855 
. 249033 
256094 
263042 
- 269881 
276614 
- 283243 
- 289773 
- 296207 
802546 
808794 


8.314954 
-321027 
+827016 
832924 
«338753 
344504 
350181 
855783 
361315 
366777 


8.372171 
377499 
382762 
387962 
393101 
398179 
- 403199 
- 408161 
- 413068 
417919 


8. 422717 
- 427462 
- 432156 
- 436800 
- 441394 
- 445941 
- 450440 
- 454893 
459301 
463665 


8. 467985 
472263 
-476498 
- 480693 
484848 
488963 
493040 
497078 
501080 
505045 


8.508974 
- 512867 
. 516726 
520551 
524843 
528102 
- 531828 
. 535523 
539186 

8.542819 


Cosine. 

















Tang. 


8.241021 
249102 
- 256165 
- 263115 
- 269956 
- 276691 
- 283823 
+ 289856 
296292 
302634 
308884 


8.315046 
3821122 
827114 
338025 
338856 
-344610 
800289 
855895 
-361430 
366899 


8.372292 
877622 
882889 
388092 
. 893234 
398315 
- 403338 
- 408304 
413218 
-418068 


8.422869 
427818 
432315 
- 436962 
441560 
446110 
- 450613 
. 455070 
459481 
468849 


8. 468172 
472454 
-476693 
- 480892 
- 480050 
-489170 
493250 
-497293 
501298 
- 505267 


8.509200 
513098 
516961 
520790 
524586 
. 528349 
5320380 
535779 
539447 

8.543084 


Cotang. 





Cotang. 


11.758079 
; 8 


1697366 
691116 


11.684954 
- 678878 
- 672886 
- 666975 
-661144 
-655390 
649711 
644105 
-638570 
633105 


11. 627708 
. 622378 


581932 
11.577181 
- 572382 
567685 
- 563038 
-558440 
553890 
549387 
- 544930 


-540519 
536151 


11. 531828 
527546 


1494733 


11. 490800 
486902 


460553 
11. 456916 


Tang. 





q+ | 


15.314 














DI” 





| 
Cosine. 178¢ 








9.999934 | 60 
999932 | 59 
-999929 | 58 
999927 | 57 
999925 | 56 
999922 | 55 
-999920 | 54 
-999918 | 53 
-999915 | 52 
-999913 | 51 
-999510 | 50 


9.999907 | 49 
-999905 | 48 
999902 | 47 
-999899 | 46 
- 999897 | 45 
- 999894 | 44 
999891 | 43 
999888 | 42 
-999885 | 41 
- 999882 | 40 


9.999879 | 39 
- 999876 | 38 
-999873 | 37 
- 999870 | 36 
-999867 | 35 
- 999864 | 34 
-999861 | 33 
-999858 | 32 
- 999854 | 31 
-999851 | 30 


9.999848 | 29 
-999844 | 28 
999841 | 27 
-999838 | 26 
999884 | 25 
-999831 | 24 
- 9993827 | 23 
999824 | 22 
999820 | 21 
999816 | 20 


9.999813 | 19 
- 999809 | 18° 


:999778 | 10 


9.999774 
- 999769 
999765 
999761 
999757 
. 999753 
- 999748 
999744 
- 999740 

9.999735 





FORrMWWROMDAMDSO 


Sine. 88° 















































110 TABLE XXV.—LOGARITHMIC SINES 
ee ee ee ee 
2°| Sine. | D.1’. || Cosine. | D.1". || Tang. | D.1".| Cotang. pre 
0’| 8 542819 9.999735 8.543084 11.456 o 
1 | -b4ciRe 60.03 || 999731 07 || ‘pasco1 | 89-65 “459809 | £9 
2] P9098 | 30.07 |) goomme | +02 ‘Boast? | 29-25 | “4aoies | br 
S| eos, | 58.58 || ‘ogqvi7 | -08 || “57386 | 8-65 Pose lee 
5 | 560540 | 58-20 || ‘og9713 07 |} “5¢0898 | 58. EA “asorre | Ee 
6| ‘563999 | 52-8 || “o99708 | -8 || ‘s6azo1 | 5% -% "435709 | 54 
7 | ‘s67431 | 57-20 |) ‘ogo70a | -9% BOT727 | Of: 2% 5 
8 | ‘5c0836 | 26-% |! ‘g99699 | -08 |] ‘svisaz | 56-88 le 
9 | ‘sr4214 | 28-30 |! ‘og9604 | -98 || ‘574520 | 26-38 ty 
f mer pedi 425480 | 51 
10| ‘sr766 | £5-82 |) ‘oo0680 | -03 |] -87vs77 | BP-fp | 422123 | 50 
11 | 8.580892 ~~ || 9.999685 | 8.581208 i ¢ 
12 | 581198 ee 999680 OT sede re ee ee 8 
c . 1999675 | - “587795 : 415 b 
44} “s90721 | 24-20 || ‘o99670 | -98 || “s91051 | 54-27 Toone | Ge 
15 | ‘593048 | 53-78 |] ‘oo9ee5 | — -08 eodeen |OR8 Stale aoeray | ae 
46 | ‘soris2 | 53-49 || ‘o99660| -98 || ‘507492 | 53-48 Soe | ge 
17] 600332 a ‘g99655 | -98 |! ‘go0e77 | 23-08 See eB 
18 | °603489 ‘o99650 | -98 603839 | 52-70) “39616 
BO | 52.28 08 Bei8e, | aeeomies (ae 
19 | 606623 | 2-23 || 990845 |  -O 606978 | 22-82 |  3930R2 | 41 
20| .6og73d | P1-85 | ‘o9610 | “og 610094 | 31-23 | ‘389906 | 40 
21 | 8.612823 9.999635 | 8.61318 | 
3 | eraser | 21.18 || °-Soo620 | 22 || °cetazge | 51-22 | 71-Sesran | Se 
3 | cexaosr | 20-77 |! “Googaa | -08 |] “ergata | 80:85 | “Seooar | 37 
24| 621962 | 50-42 |) ‘ooe19 | “8 || 622343 | 8-2 Sires | 36 
25 | 1624965 | 52-05 |) ‘oog614 | -98 || ‘eanase | 50-15 |  “aragas 
26 | ‘627948 | 49-72 || ‘999608 | -22 |] ‘62ga40 | 49-80) 34 
m | ‘oso | 42-38 |/ ‘sogo3 | -88 |] ‘esta03 | 49:47 | “Sonooe | 33 
25 | cesses | 49:9 || ‘Sonor | 20 |) ‘eagase | 42:18) “Sosraa | Be 
20 | 1636776 | 48-79 || ‘99502 | 08 |} ceaviss | 48-80 “302816 | 81 
30 | -639680 | 48°95 || -999586 -10 |) *¢40093 | 48-48 | “359907 
Ferenc : ; :08 48.15 “| 30 
31 | 8.64 4715 || 9-999581 | “49. || 8.642982 | gy gx | 11.857018 | 29 
82 | 615188 | 43 909515 | 9g 615853 fyipe | 854147 | 28 
a4 | ‘651102 | 42-13 |) ‘900564 | -18 Beier | ca 2eiloew aces | Sp 
a5 | ‘es8011 |: 48-82 || ‘oo0558 | -49 |] e5aa5e | 48-98 “Bareas | 2 
36 | 656702 | 49-52 |] ‘900553 | -98 |] cesri4o | 48-82) 34s a 
37 | ‘e5o475 | 48-22 |) ‘ooo5a7 | -19 |] -e590a8 | 48-22 “Sa0e7e | 28 
88 | 662290 | 45°45 || - 299541 10 || 2662689 | 48-02 | ‘337311 | 22 
39 sang fege || -999585 | “jy || - 685483 #13) 334567 | 21 
‘ es 43-35 || -999529| -38 |] -essieo | 42-45 | ‘331840 | 20 
2 “srw | 4-78 | susie | 32 |) “raaas | 4488 | oeage | 8 
3| 675751 ‘999512 | “676239 | 44-99] ‘303763 
4a | cereios | 44-23 |] ‘goccon | -12 |] vereo0g | 44-35 | “aatto0 | 46 
45| cesioas | 48-87 || “go0e00 | 10 |] ‘esieae | 44-0% 1. “Stnase | ae 
vie 681544 “| 7318456 | 15 
46| 1693665! 43 999493 | 12 esdi72 | 43-80] 
47 | ‘esczre | 43-45 || ‘gooasy | 10 || cosorea | 48:58] “Siai6 | 13 
ar) comore | ote || Basar | 0g. || e7e4 | 93-33 | 818216 | 13 
63 | 4>'92 || - 999481 “689381 3108 
G) Gs) S| Ses| ob | aes) ae) gee | 
51 | 8.696543 9.999463 
52 .699073 | 42-17 || ““o9o456 | 22 wee Hevea | 
53| 1701589 | 41-93 || “ogqa5q. | — -10 rosso | 22-08 | “Sores | 
54 | iroaooo | 41:68 |) “oooaas | 2 |] “toseae | 41-78 |  “Bosaee | 6 
55 | .voss77 | 41-25 || ‘oooaay | -10 worao | 41-37 | “boan60 | 5 
bo 709049 | 40°97 990431 re 709618 | 41-30 | ‘e90382 Q 
: * (999424 | * 712083 ; “287 
pail Merieare Wa a0-70.1| | Gonate. (nat 10 Ks 40.85 | 287917 | 3 
59 716883 | 49-52 | “990411 | -12 lance [aedo. Cash eeoeee' || 
40.28 || ,°%! - 71697 : 283 
60’| 8.718800 o'po0s04 | -22 |] g:rr9ge6 | 40-40 | 11 Sepeon | oF 
A : { | ee | 
924 Corine. | Dig. Sine. De® Cotang. | D. 1". Tang. (87° 


























g° 


ms 


COSINES, TANGENTS, AND COTANGENTS 


Sine. 





8.718800 
= 721204 
- 723595 
725972 
- 728337 
- 730688 
- 783027 
- 735354 
- 737667 
- 739969 
742259 


8.744536 
- 746802 
- 749055 
-751297 
. 753528 
755747 
-T57955 
-760151 
(62837 
764511 


8. 166675 


8.807819 
-809777 
811726 
813667 
-815599 
817522 
-819436 
821343 


8.827011 
828884 


830749 
832607 
834456 
836297 
838130 
839956 
84177 
8.843585 





98° 





Cosine. 


Dus 








Cosine. 


9.999404 
- 9993898 
-999391 
-999884 
- 999378 
- 999871 


9.999329 
- 999322 
- 999315 
-999308 
-999301 
- 999294 
999287 
999279 
999272 
- 999265 


9.999257 
999250 
- 999242 
999235 
-999227 
-999220 
-999212 
-999205 
-999197 
-999189 


9.999181 
-999174 
-999166 
-999158 
999150 
-999142 
-999134 
-999126 
.999118 
-999110 


9.999102 
- 999094 
- 999086 
-999077 
-999069 
-999061 
-999053 
-999044 
999036 
999027 


9.999019 
-999010 
- 999002 


9. 998941 








Sine, 








DAY 











Tang. 


8.719396 


- 721806 
«(24204 
«726588 
«728959 
731317 
- 733663 
- 785996 
- (38317 
- 740626 
(42922 


8.745207 
T7479 
749740 
751989 
754227 
- 156453 
. (58668 
760872 
- (63065 
- 765246 


8.767417 
769578 
TIT 
. 773866 
775995 
778114 
. 780222 
«782320 
.'784408 
(86486 


8.788554 
- 790613 
. 792662 


8.808717 
-810683 
812641 
-814589 
-816529 
818461 
-820384 
822298 
824205 
826103 


8.827992 
829874 
-831748 
-833613 
835471 
837321 
839163 
840998 





| 
DN 








111 


| 
Cotang. 176° 


11. 280604 


278194 
215196 
273412 
271041 
“268683 
266337 
264004 
261683 
259374 
257078 
11.254798 
252521 
“250260 
248011 
245773 
1243547 
241332 
239128 
236935 
234754 
11, 282588 
280422 
228273 
- 226134 
224005 
‘221886 
219778 
217680 
‘215502 
213514 
11.211446 
“209387 
- 207338 
‘205299 
‘208269 
201248 
199237 
-197235 
195242 
-193258 


11.191283 
- 189317 
187359 
185411 
- 183471 
181539 
- 179616 
177702 
175795 
173897 


11.172008 
170126 
- 168252 
. 166387 
164529 
162679 
160837 
159002 
157175 


11. 155356 


Tang. 





& | 
Bl Cmwmmopaarn 


112 





4° 


COIHIMEOIOME | 





Sine. 


8.843585 


-845387 
847183 
848971 
850751 
852525 
-854291 
856049 
857801 
859546 
861283 


8.863014 
-864738 
866455 
868165 
869868 
-871565 
873255 
-874938 
-876615 
878285 


8.879949 
-881607 
883258 
884903 
886542 
888174 
889801 
-891421 
893035 
894643 


8.896246 
897842 
-899432 
-901017 
- 902596 
904169 
-905736 
- 907297 
. 908853 
-910404 


8.911949 
- 913488 
-915022 
-916550 
-918073 
-919591 
921103 
- 922610 
- 924112 
- 925609 


8.927100 





TABLE XXV.—LOGARITHMIC SINES 


Da 





80.03 
29.93 
29.80 
29.67 
29.57 
29.43 
29.30 
29.20 
29.08 
28.95 
28.85 


28.73 
28.62 
28.50 
28.38 
28.28 
28.17 
28.05 
27.95 


24.60 


V) peppery 
SSNRES 


— 
aim 








Cosine. 


9.998941 


-998851 


9.998841 
998832 
- 998823 
998813 
- 998804 
-998795 
998785 
99877 
-998766 
998757 


9.998747 
- 998738 
- 998728 
998718 
- 998708 
-998699 
-998689 
-998679 
- 998669 
998659 


9.998649 
-998639 
-998629 
-998619 


1998558 


9.998545 
- 998537 
- 998527 
- 998516 
- 998506 
- 998495 
- 998485 
998474 
-998464 
-998453 


9.998442 
-998431 
-998421 
- 998410 
-998399 
- 998388 
-998377 
998366 
-998355 


| 9.998344 


Sine. 











l 
Di Tang. D. 1". | Cotang. 175° 
8.844644 11.155356 | 60’ 
15 30.18 oes 
\ 6 ‘Sasego | 20-08 aeivao | 68 
15 |! “gs0057 | 29-95 | “449943 | 57 
15 || “e51946 | 29-82 |  "y4g754 | 56 
“15 || -“g536083 | 29-70) “746379 | 55 
15 || -g55403 | 29-58 |  “y44597 | BA 
15 |) “gsrizt | 29-47) “y4oR99 | 53 
15 || ‘g5g9g2 | 29-35)  “y41068 | 52 
“42 || <g60686 | 39-23 | 339814 | 51 
15 |) 1gse33 | 29-22 |  “a37567 | 50 
| gag | ee | tamer |g 
15 || eevee | 28-77 | “a3esee | 47 
| Bet] BS) hee 
13 || igvervo | 38-48 | Tyeze80 | 44 
“17 || “gr7eag | 28-12)  “yoo151 | ay 
15 " g79509 28.00 : 
HF || sore | or8s 1120471 | 40 
881202 ng | 11.118798 | 39 
15 27.78 
| see) ee) aa 8 
17 || “eg61s5 | 22-58} 7473815 | 36 
46 || ceavesa | 20-271 Cr1o167 | a5 
2 | Bee) 2B) ions 
17 go2742 | 22-17 | *i97058 
17 sodas | 27-07 | “dosgae | 3? 
47 fonaed |. 2B | cekOseS4 | Bs 
47 26.87 |  -204016 | 30 
8.897596 11.102404 | 29 
aU 26.78 
Hf | Seas | Be “awa 8 
‘17 | “gopg08 | 28-58] “ooreos | 36 
17 ll ‘gos987 | 26-48! —“oo6013 | Se 
17 || oos570 | 28-88] “ogaaa0 | Se 
-1Z |! ‘oortay | 26-28)  “ogoess | 3g 
-18 || “oog719 | 26-20]  “Qoroei | Ss 
17 || “ooag5 | 26-10] “opgrrs | Se 
ty || Blames | eee |) ts al 
ae ae Be 'oe | 088154 | 20 
8.913401 11.086599 | 19 
18 25.83 
ap Se] Bg | os is 
18 || ‘orgosa | 2-85) “Oaioen | 46 
17 |) co19568 | 25-57 |  “ogoase | 4e 
18 |} “ge1096 | 25-47 | ‘opegog | Ae 
17 || -gopei9 | 23-88) “oreser | 4g 
18 || “op4136 | 25-28 | ‘ofsaea | 38 
2 || ‘oeseio | 2-22 |  ‘oras5t | it 
"18 || -S2vt5s | 32-22) lovesaa | 10 
18 || 8-928658 | 94 95 | 11-071842 | 9 
WT || cated? | 2687) Ogases | & 
18 |] Pogeeere |) BeN@ |) sspeeees 
“18 |] ‘os6o93 | 24-62] ‘oesoor | 4 
"18. || 287565 | Bigs | 062435 | 8 
"18 |) -939082 | StS |. 1060968 | 2 
hag Re 34°39 |, 059506 | 7 
8.941952 : 11058048 | 0! 
D.1". || Cotang. | D. 1” Tang. 85° 

















_—_—_ 





COSINES, TANGENTS, AND COTANGENTS 
a eee pe ry ere 


a 
° 


Sine, 


-941738 
-943174 
- 944606 
- 946034 
- 947456 
- 948874 
-950287 
-951696 
-953100 
-954499 


11 | 8.955894 
12 | .957284 
13 | .958670 
14 |} .960052 
15 | .961429 
16 | .962801 
964170 
18 | .965534 
19 | .966893 
20 | .968249 
21 | 8.969600 
- 970947 
-972289 
- 973628 
-974962 
- 976293 
- 977619 
-978941 
- 980259 
-981573 


8.982883 
-984189 


Somrnnmcwrne | 


51 | 9.008278 
52 | .009510 
53,| .010737 
54| .011962 
BB | .013182 
56 | .014400 
57 | .015613 
58 | .016824 
59 | .018031 
9.019285 





95°| Cosine. 


8.940296 





De AE 
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| 
Cotang. 174° 

















Cosine. | D1". Tang.) | D1", 
| 9.998844 8.941952 | 11.058048 
998333 | 18 |!“ “ou3404 Bae | .056596 
cogpare | -48 “944852 | Sis) .055148 
998311 38 946295 | 53°93 | 053705 
-998300 | “33 94734 | G3°5) | .052266 
-998289 | “55 -949168 | 53°35 | .050832 
998277 | “Tp 950597 | 53°55 | -049403 
-998266 | “38 -952021 | 53 6> | 047979 
998255 | 35 95841 | 53°28 | 046559 
998243 | “73 954856 | S225 | 045144 
-998232 | “35 956267 | $3 "g5 | .043733 
9.998220 8.957674 11.042326 
998209 | 28 |) “959075 28-35 | “1040925 
998197 | “35 960473 | 95°55 | 1039527 
-998186 | “35 -961866 | 33°75 | 038134 
998174 | *45 963255 | $3-52 | 1036745 
-998163 | *45 964639 | 53°59 | 085361 
-998151 | “5p -966019 | 55°59 | 1033981 
998139 | “45 -967394 | 55°o° | .032606 
-998128 | 5) 968766 | G5'ng | .031234 
-998116 | °5p 970133 | $5"r5 | 029867 
9.998104 8.971496 11028504 
-g98092 | -29 |) ““o72R55 Be Oe | oRTt4s 
-998080 | *55 974209 | So'n5 | .025791 
-998068 | “5p 975560 | 95°45 | 024440 
1998056 | “55 -976906 | 55°39 | — .023094 
998044 | 5) 978248 | 55°39 | .021752 
-998082 | °5) -979586 | $5'5x | 020414 
-998020 | “5p 980921 | 5°45 | 019079 
-998008 | *55 -982251 | 95°49 | 017749 
-997996 | “59 983577 | $5"p3 | 016423 
9.997984 29 || 8.984899 | 91 gy | 11.015101 
997972 “99 -986217 | 55 “09 .013783 
-997959 | 55 -9875382 | $1735 | .012468 
997947 30 -988842 | 5; 78 011158 
997935 os -990149 | “S10 .009851 
997922 90 -991451 | 5) 65 008549 
997910 | 992750 | Size | 2007250 
997897 “50 994045 | 95° 53 .005955 
2997885 | <-> 995337 | Sie | .004663 
997872 | “55 996624 | Sr'49 | .003376 
9.997860 8.997908 11.002092 
-go7sa7 | -35 |/ 8.900188 | 21: 33 | 11000812 
-997835 | "55 || 9.000465 | 51°55 | 10.999585 
997822 | “55 001738 | Sy "ts | .998262 
-997809 | “55 -003007 | Sr"og | .996993 
1097797) oe 1004272 | Sr'o3 | 995728 
997784 | 35 .005534 | S9'97 | 994466 
LOTTA | “55 .006792 | 55'95 | .998208 
WOO | S255 008047 | So'gr | .991958 
997745 | 55 -009298 | 5y'ap | .990702 
9.997732 > || 9.010546 10.989454 
| 997719 | +82 || lo11790 ap ae | 988210 
| .997'706 “39 -018031 | 59 go 986969 
997693 | 65 014268 | Sono |. .985732 
.997680 | --55 015502 | $5'p9 | .984498 
997667 | -35 || .o16732 | 20-80 | ‘ogaa6e 
997654 | *55 017959 | Sy°40 | - 982041 
997641 4 -019183 | $p°33 | .980817 
997628 | “55 -020403 | $)°53 | .979597 
| 9.997614 | - 9.021620 “© | 40978380 
Sine. D. 1" Cotang. | D.1’. Tang. 








@ 
m | SBCOReanee 
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114 TABLE XXV.—LOGARITHMIC SINES” 


nents NEES ESSE 

















i} 
6°| Sine. D. 1". Cosine. | D. 1’. Tang. D. 1". | Cotang. 173° 
(1 EEL |—__—— eer apnea ys ee 

7) 9.019235 9.997614 9.021620 10.978380 | 60’ 
1 | *oe0s85 | 29-00 || “-gor601 4 -22 || “Jones3a | 20-23 | “o7zt6s | 59 
2| ‘oz1632 | 19-9 |) ‘oo758g [22 o240da | 29-17 | “oz5056 | 58 
3 | ‘022825 | 19-88 || “og7sza | -23 || “oasest | 22-22)  lozazag | 57 
4| ‘ozgoie | 19-851] “gozs61 | 22 || lozeass | 20-0 |  lo73545 | 56 
5 | ‘025203 | 29-78 || “g975a7 | -23 || [0276s | 20-00 |  “o7p34s | 55 
6 | ‘026386 | 19-72 || ‘og75sa | -22 |] “oasese | 29-95)  lovay4s | 54 
7 | ‘oa7s67 | 29-68 || “997520 | 23 || “030046 | 19-29 | “969954 | 53 
8 | ‘opsraa | 29-82 || ‘oovsor | 22 || oateza7 | 19-85 | — ‘oeazes | 52 
9 | 029918 19.57 || ‘997493 | 28 || 082425 19.0 | 2967075 [at 
10 | ‘031089 | 1852 || ‘997430 | +22 || ‘033609 | 19-45 |  .966391 | 50 
11 | 9.032257 9.997466 9.034791 10.965209 | 49 

19.40 23 19.63 : 
12 | 033421 997452 “035969 964031 | 48 
1) 49.35 "22 2 19.58 L 

a) coe | 1355 | ora) oe | Bae) 83] eee 
15 | ‘036896 | 19-25 || “oovair | -23 || ‘ogggas | 29-48)  “g60515 | 45 
16 | 039048 | 19-20 || ‘oozaor | -33 || ‘o4o6s1 | 19-23 | ‘as349 | a4 
| Om | 2383) gas | 2 | aes) he) Bae 
19 | 041485 | 3? 03 || ‘997855 | -28 || :044130 | 19-28 | 955870 | 41 
a0 | 042625 | 73°95 || 997341 | <5 |] 045284) Ig"77 | -904716 | 40 
atl 0 ee | axe | am | a | 9.9mm | on | ga 
23 | 046026 | 18-85 || ‘o97209 | -23 || ‘oasra7 | 19-08 | — ‘osi973 | 37 
35 | ceasory | 18:75 || -Byrore | -23 |! “osio08 | 18-98}  “Baauon | 36 
26 | 049400 18.68 || ‘o97257 | 22 || ose144 18.02 | 1947856 | 34 
53 | ‘osteas | 18-60 || -Sy'on | -23 || conor | 1888] “Garces | $3 
29 | ‘052749 | 18-57 || “goroig | -23 |i ‘osssas | 18-80]  ‘ogdaes | Sy 
30 | .o53859 | 18-50 |) -gorigg | -25 |] “oss | 18-73 |  ‘gagaar | 34 

g 18.45 || _- coats 18370 || we 
31 | 9.054966 9.997185 9.057781 10 .942219 | 29 

966 | 18.42 8 25 18.65 

33 | costa | 18-35 || “gorse | -23 |) coeoove | 18-60 “Satan? | 38 
34 | cosse7t | 18:37 || ‘oov41 | -23 |] :061180 18.57 | 1988870 3 
85 | .050367 | 33'59 || -oovte7| -38 || ‘062240 | 18-59)  ‘oazz60 | 25 
S| mer| ea| wae] & | deen] be) ae 
38 | 1062639 | 18-18 |] -Gorogs| -25 || “ossns | 18-38] “Oguaa4 | Se 
39 | 063724 | 18-08 |) “oorogg | -25 || ‘oseess | 18-382 |  “ggaas | St 
40 | 064806 | 18-93 || “gor053} -23 || ‘osrzee | 18-28 | “ggasi | 34 

D | GeO0e Hea Ne | u0en 18-28 | 932248 | 20 
41 | 9.065885 997039 9.068846 10.931154 | 19 
42 | 06662 iy 90 || 997024 | 23 |] 069038 | 38-20) “osoo8e | 38 
45 | 068086 | i795 || -gur00 | “35 || -oruoe7 | 38-33 | Lopsyrs | a7 
45| Lovo | 12-82 |! ‘ooeg7a | -2 || covaigr | 18-07 |  -BSeang | 28 
46 | lo7i242 | 17-77 || “ooggea | -23 || ‘oran7s | 18-02 | -ggeros | 18 
47 | ‘ore306 | 17-73 || “oogasg | 25 || ‘orsane | 17-97 |  “Qoseua | ta 
48 | 1073366 | 17-87 || ‘oogoaa | -25 || “orgage | 17-93 | “goaeua | 13: 
49 | -ors4z4 | 12-63 || “ooeoig | 25 |) “ovzsos | 12-88 |  “opo405 | 1 
50 | 075480 | 37°55 || -996004 | 52 || 078576 | 17-85)  ‘oaiazd | 10 
51 | 9.076533 ; B 
51 | 9.076583 | 47 59 || 9.906889 | “95 || 9.079644 | 7 nq | 10.920356 
; vear || 996874) -23 || Logort0 “919290 
53 | .078631 | p45 || 906858} “2! || Cosi77a | 1-72)  “o1g97 


54 | .079676 | 314-32 || ‘oogs13 | -25 || 
55 | .ogo7s9 | 17-35 || ‘99688 | -22 |] ‘ogsso1 | 17-68 | “ovet09 
56 | .081759 "30 oe 35 Mos 1755 | «915053 
i@5 ||; 7890! Camere 17.50) - 

50 || .996782 | - 087050 912050 
Bo | .osssed | 1-77 || -o90768 | -32 || ‘onsoos | 12-47 | “grt902 
60°] 9.085894 9:996751 | -* |! 9 oso144 10,910856 

















| Savekaates 


























96° Cosine. | D. 1’. Sine. D. 1". || Cotang. | D. 1". Tang. |83° 








COSINES, TANGENTS, AND COTANGENTS 


115 


a 


yi | Cosine. 


7°| Sine. 
0’| 9.085894 
1 086922 
2 .087947 
3 . 088970 
4 .089990 
5 -091008 
6 -092024 
7 | .093087 
8 -094047 
9 - 095056 
10 - 096062 
11 | 9.097065 
12 - 098066 
13 . 099065 
14; .100062 
15 .101056 
16 - 102048 
17 - 103037 
18 - 104025 
19 . 105010 
20 . 105992 
21 | 9.106973 
22 .107951 
23 - 108927 
24 . 109901 
25 - 110873 
26 .111842 
27 -112809 
28 .113774 
29 . 114787 
30 -115698 
31 | 9.116656 
32 -117613 
33 118567 
34 -119519 
35 - 120469 
36 .121417 
37 - 122862 
38 123306 
39 - 124248 
40 . 125187 
41 | 9.126125 
42 . 127060 
43 - 127993 
44 -128925 
45 - 129854 
46 -130781 
47 . 131706 
48 - 132630 
49 133551 
50 - 134470 
51 | 9.135387 
52 . 186303 


187216 
- 138125 
- 139037 
-189944 





S| 82eIsRee 
ge 





Cosine. 


17.13 ' | 
17.08 


17.05 


15.53 
15.48 
15.45 
15.42 
15.40 
15.35 
15.32 


15.28 


15.27 
15.22 
15.20 
15.15 
15.12 
15.10 
15.07 
15.02 
15.00 


Dy 








9.996751 
-996735 
. 996720 
- 996704 
- 996688 
- 996673 
-996657 
- 996641 
- 996625 
- 996610 
- 996594 


9.996578 
- 996562 
- 996546 
- 996530 
- 996514 
- 996498 
996482 
- 996465 
996449 
. 996433 


9.996417 
- 996400 
-996884 
- 996368 
-996351 
996335 
-996818 
996302 
- 996285 
- 996269 


9.996252 
- 996235 
996219 
- 996202 
- 996185 
-996168 
-996151 
-996134 
-996117 
-996100 


9.996083 
- 996066 
996049 
- 996032 
-996015 
-995998 
-995980 
995963 
- 995946 
995928 


9.995911 
- 995894 
- 995876 





Sine. 


9.995753 


wo 
@co 


RERBERRREY Bishi! 





Dwi", 


Tang. 


9.089144 
-090187 
091228 
092266 
093302 
094336 
095367 
096395 
097422 
098446 
099468 

9.100487 
101504 
102519 
103532 
104542 
"105550 
106556 
107559 
108560 
109559 


9.110556 
111551 
112543 
- 118533 
-114521 
- 115507 
-116491 
117472 
118452 
- 119429 


9.120404 
-121377 


1129087 


9.180041 
-180994 
181944 
- 182893 
- 133839 
184784 
- 135726 
- 186667 
-137605 
- 188542 


9.139476 
- 140409 
- 141340 
- 142269 
- 143196 
-144121 
-145044 
145966 
- 146885 








lD.a 


9.147803 








Cotang. 








Dak 


17.38 
17.385 
1%. 20 





D. 1". 


| 
Cotang. 172° 





10.910856 
-909813 
908772 
907734 
- 906698 
-905664 


- 900532 
10.899513 
898496 
-897481 
896468 
-895458 
894450 
-893444 
892441 
891440 
-890441 


10.889444 
888449 
887457 
886467 
885479 
.884493 


“880571 


10.879596 
878623 
877652 
876683 
875716 
874751 
873789 
872828 
871870 
870913 


10.869959 
. 869006 
- 868056 
867107 
866161 
865216 
864274 
863333 
862395 
861458 


10.860524 
859591 
858660 
857731 
856804 
855879 
854956 
854034 

853115 

10.852197 


Tang. 





[eeeeseRre tlose 





@ 
bs 
° 


oe  ! 














116 TABLE XXV.—LOGARITHMIC SINES 
cn ne crt Ss is a a a 
s°| Sine. | D.1’. || Cosine. | D. 1% Tang. | D.1’ Cotang. 171° 
0’| 9.143555 9.995753 9.147803 10.852197 | 60! 
1| 14403 | 14-92 || “905785 ® 80 |) “(348718 | 32-35 | 851282 | 59 
2| ‘145319 | 14-93 || ‘goora7 |» -3) || 149682 | J5°99 | 850868 | 58 
3| tacos | 14-92 || 995609 | -B) |) 150544 | aeid7 | -B4456 | 57 
a| ‘nariae | 214-88 || loo5081 | 23 || 15494) 55 | 848546 | 56 
5 | .148026 va 995664 : - 152363 : 847637 | 55 
5 | cyaggis | 24-82 || ‘oo5ea8 | -30 153269 | 15-10]  “g4e737 | 54 
7| ‘sage | 14-%8 || ‘oop6e8 | 8) |) 154104 15.08 | 845826 | 53 
8 | .150686 | 4°79 || -995610 "39 155077 | 35" 9 844923 | 52 
9 | i5is69 | 14-72 || ‘o95501 | “3p || 155078 | fegg | 844022 | 51 
10 | “152451 | 14-7) ‘oos5r3 | <3) || 156877 | arg | 848128 | 5a 
41 | 9.153330 9.995555 9.157775 10,942225 | 49 
12 | -154208 | 14-83 || “995537 80 || 1158671 14.03 | "1841329 | 48 
13| 155083 | 14-98 || ‘o95519 | +2) || -159565 | 44'g7 | 840485 | 47 
14 ‘ass957 | 14-52 || ‘oos501 | +29 || 160857 | ta’ | -839548 | 4 
15 | 1156830 | 14-55 || ‘oosase | +35 || 161847 | aa" "938653 | 45 
16 | ‘157700 | 14-52 || ‘905464 | <3) || 1162286 | i7'pg | 887764 | 44 
17 | 158569 | 24: 99544 3 33123 | 14.78 7 
"995446 | - "163123 "836877 
tg | ‘159435 | 14-43 || “995407 | -82 || ‘161008 | 14-75 |  ‘g35092 re 
9 | 160901 14.43 || ‘o95409 | -3 || ‘164892 | 12-79 |  /885108 | 41 
| ae S| eee S| | | cee 
16202 F j 83334 
22 | 162885 14.38 “oo5a53 | 82 || “aera | 17-63 10 Fnes | 88 
qe ee eae ee ae 
95 | 165454 | 14:23 || “995097 | -82 || azoisy | 14-35 | — ‘gp0843 | 35 
96 | -166307 | 14-22 || ‘ogse7g |  -82 71029 | 14.538 | ° 
97 | ‘167159 | 14-20 || “995260 | -22 || izzig09 | 14-50 ioctl (es 
28 168008 14.15 |) ‘ognei ee || Stpeey | ara ‘soress | Se 
“168856 “g95222 | - 173634 : 826366 
856 || ta'40 oe é "926366 | 31 
4 BG 14.49 || 1995208 = ‘yvaao9 | 14-32 | — 1g25501 | 30 
9.995184 9.175862 
32 | 171389 | 14-98 || “‘o95165 | -82 || {aveeza | 14-87 ba se 24 
i | 1meen0| fp) || 205188 32 || ‘rvvopa | 14-33 | ‘exe0r6 | 27 
“17307 "995127 : 177942 : ; 

: 18.97 a2 || Sie T4978. || Greer lice 
Bee ae] Ge) S| age) Ee) eee 
87 ‘175578 | 48-89 || ‘995070 ies "180508 od Eraioe | 33 

| 176411 : 1995051 | 181360 ‘ z 

aes eOee Il aseRb E "32 : -818640 | 22 
gee | ees | SSR || ae | eee | ee || ee ae 
41 | 9.178900 > 9.994993 a 9.183007 sg Pitionrs i 
42 | .1v9726 | 43-72 || “coogora | -88 || iagazse | 14-08 | isisess 
43 | 1180551 | 33-7 || ‘994955 -82 || “ag5597 | 24:08 | -igrado3 P 
44| 1181374 | 43-75 || ‘904985 oo "y6439 | 14-93 | ‘13561 | 46 
45 | 182196 a go4gig | “82 is7eso | 14: | | 
46 | “aezor | 18-67 || ‘gouges | -83 |] “asere0 | 14-00 Ferree || te 
fy | ‘1sasaa | 18-63 || “Goasyr | -82 |] “Jgggsg | 13-97 Peeiodo' lle 
45 | <tsiest | 18-62 || “Qossy | -83 || cteorea | 28-93]  e10m06 | a2 
45 | 185060 | 12-28 | “goassn | -22 || “tooe20 | 1-22] ‘soos | 11 
50 | ‘186280 | 33-57 || ‘oousis | -88 || ‘ao1ae2 | 43-88 “808588 | 10 

; : : : 13:87 | * 
x) ese | iam | ape | ge | oem] om | grr | 8 
5a | ites7iz | 13-48 || ‘go4759 | -83 |] (193958 13.82 | . Soe | 
54| ‘180519 | 33. ‘994739 | > "194780 | 13-78) — “e05200 
55 | 1190825 | 18-43 || ‘oosra0 | +32 || ‘195606 | 13-72 |  ‘goa3od 4 
Bé | (191130 | 43-42 || ‘oo4700 | 33. || ‘196430 | 43-78 | — ‘soa5vo | 4 
By | ‘191983 | 43-38 |) ‘ooses0 | ‘197253 | 23-72] “gor 
58 | 192734 | 18-35 || ‘oos660] 38 || 198074 | 13-68 “Bo19e6 | 8 
59 | 193534 | 3539 || 94640 33 || ‘a9sso4 | 93°62 | - sorts | 1 
60" | 9.194382 9.994620 | - 9.199713 | 1 0.800287 | 0 
98° Cosine. | D. 1” Sine. D,*1*, Cotang. | D. 1". Tang. g1° 
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re 


Sine. 


9.194332 


-195129 
195925 
-196719 
197511 
. 198302 
-199091 
-199879 
200666 
-201451 
202234 


9.203017 
203797 
204577 
-205354 
-206131 
-206906 
207679 
208452 
209222 
-209992 


9.210760 


212291 
2138055 
-213818 


9.218363 
-219116 
219868 
- 220618 
221367 
222115 
- 222861 
- 223606 
= 224849 
225092 


9.225833 
226573 
227811 

228048 


- 228784 
229518 
- 280252 
230984 
2381715 
282444 


9.283172 








-211526 | 


Deis 











Cosine. 


-994600 
-994580 
-994560 
-994540 


9.994191 
(994171 
"994150 
“994129 
:994108 
:994087 
+994066 
1994045 
"994024 
1994003 


9.998982 
-993960 
993939 
-993918 
993897 
993875 
- 993854 
- 993832 
993811 
993789 


9.993768 
993746 
993725 
. 998703 
-993681 








9.994620 








Del". 





85 











Tang. 


9.199713 


-200529 
201345 
-202159 
202971 
203782 
204592 
-205400 
206207 
-207013 
-207817 


9.216568 
- 217856 
-218142 
-218926 
-219710 


9.282065 
282826 
+ 233586 
«234345 
235103 
«235859 
236614 
237868 
- 238120 
288872 


9.289622 
- 240871 
241118 
241865 
242610 
243354 
244097 
244839 
245579 

9.246319 


!| Cotang. 





D. 1", 





13.60 
13.60 
138.57 


12.38 





Die 


10.800287 | 60” 








| 
Cotang. 170° 


- 799471 | 59 
«798655 | 58 
797841 | 57 
- 797029 | 56 
- 796218 | 55 
- 795408 | 54 
-794600 | 53 
- 793793 | 52 
«792987 | 51 
- 792183 | 50 


10.791381 | 49 
- 790580 | 48 
789780 | 47 
-788982 | 46 
- 788185 | 45 
- 787389 | 44 
786595 | 43 
- 785802 | 42 
785011 | 41 
. 784220 | 40 

10.783432 | 39 
. 782644 | 38 
781858 | 37 
781074 | 36 
- 780290 | 35 
-779508 | 34 
«778728 | 33 
777948 | 32 
777170 | 81 
-776393 | 30 

10.775618 | 29 
- 774844 | 28 
C74071 | 27 
-773300 | 26 
«772529 | 25 
-?T1761 | 24 
- 770993 | 23 
«710227 | 22 
. 69461 | 21 
- 768698 | 20 


10.767935 | 19 
67174 | 18 
- 766414 | 17 
- 765655 | 16 
764897 | 15 
764141 | 14 
-763886 | 13 
762682 | 12 
761880 | 11 
- 761128 | 10 


10.760878 | .9 
- 759629 
. 758882 
758135 
757390 
.'756646 
755908 
755161 
(54421 
10.753681 





CHW WO ROTH 0 


= 


Tang. g0° 





118 TABLE XXV.—LOGARITHMIC SINES 
a EG, 


| 
10°| Sine. | D:1”. || Cosine. | D.1". || Tang. | D.1’. | Cotang. 169° 








9.239670 | 44 93 9.993351] 7 || 9.246319 | 40 39 10.758681 | 60’ 


| 


0’ 

1| .240386 -93 || ““go33p9% «8 "247057 "752943 | 59 
2| ‘241101 | 11-82 || ‘oszor | -3% || ‘eariea | 18-88 | 752206 | 58 
3} 241814 | 11-88 || ‘oo3asq | 33 || (248530 | 15-5, | -751470 | 57 
4| 242526 | 11-87 || ‘oozzgr | -3% || “e4gn6d | 35°53 |  .750736 | 56 
5 | 243237 | 11-85 || ‘oo3e40 | -8% || 249908 | 35°55 | «750002 | 55 
6 | .243aa7 | 11-83 || ‘ogazx7 | +28 || 1250730 | i5ag| 749270 | 54 
8 | 1245363 ‘og3172 | <é ‘o5e191 | 12- of 

9| ‘246069 | 11-27 || ‘ooata9 | -38 || 252020 | 48-28 | “raz080 | ot 
10| ‘246775 | 11-72) ‘ogsiay | +32 || 258648 | 3515 |  . 74652 


11 | 9.247478 9.993104 9.254374 | 10.745626 | 49 
12 | 1248181 | 11-72 |) “‘oo3081 | -88. || “255100 12.10 | “744900 | 48 


387 -07 y 
13 | _248883 0 || 993059 | * "95584 | 14 "744176 | 47 
14 | (249583 | 31-67 |) ‘og3036 | -38 || “256547 12.05 | 11743453 | 46 
15 | 250282 | 11-65 || ‘oogoi3 | “88 || ‘esvaeo | 38-08 | vazvai | 45 
16 | 1250980 | 11-83 |) ‘oo2090 | -88 |] “az990 | 38-05 | 742010 | 44 
17 | ‘251677 | 11-62 |) ‘ooo067 | -88_ |] a5ez10 | “17-08 | 741290 | 48 
18 | ‘259373 | 11-89 || ‘ozou | -28 || ‘a5o20 |) Ti-ge | -740571 | 42 
19 | 1258067 | 21-34 || ‘ogg001 | -88 |) “260146 | ji-ge | 789854 | 41 
20 | 258761 | 41-32 |) ‘ooasos | 88 || “260863 | ji-g2 | .739187 | 40 
21 | 9.254453 | 44 no || 9.992875 | “ag |] 9.261578 | 44 gq | 10.788422 | 39 
22 | a55144 | 11-52 || ‘ognene | «38 |)“ !aez099 | 11.90 | 1737708 | 38 
23 | ‘255834 | 11-50 || ‘ogza29 | -88 || ‘263005 | 11-88) ‘736095 | 87 
24 | 256523 | 11-48 || ‘oozes | -88 |] “eeazi7 | 11-87 | 1736288 | 36 
25 | 1257211 "992783 "264428 "735572 | 35 


26 | 257898 | 3]-45 || ‘902750 | -32 |] ‘265138 | 11-88 |  '734see | 34 
27 | ‘esses | 11-42 || cooezae. | -88 | 11-82 | | GeB4Ib8 |\88 

: -go2713 | 88 || ‘266555 | 11-80 |  ‘yasaas | 32 
29 | 259951 | 11-28 || ‘ooze00 | -88 || “gevee1 | 11-27 | S3erao | 31 
30 | 260633 | 41-87 || ‘oases | 267967 "732038 | 30 


8 
2% 
SH 
w 
2 


"38 11.73 
31 | 9.261314 9.992643 9.268671 10.731329 | 29 
32 | 261994 | 11-83 || “‘oo2619 | | -49 |] “260375 11-73 |” 1730695 | 28 
a3 | .262678 | j1-25 || 992506 | -38 |) “ozoorz | 11-00 | Sze9098 | 27 
a4 | 263351 | 11°99 || ‘oo7e | <9 || ‘evorza | 11-70 |  i7a9901 | 96 
a5 | 264027 | 17°54 || ‘992549 | 88 || ‘oziazo | 11-67 | Szagser | 25 
86 | 264703 | 11:34 || -992625 | -49 |] ‘oveivg | 11-65) ‘arene | 94 
a7 | .2esa7v | 31:53 || 902501 -22 || ‘ereave | 12-63 | ‘varia | 23 
88 | .266051 | 35°55 || -992478 | -88 || covapva| 11-62)  ‘7a6ao7 | 22 
g9 | 1266723 | 11°59 || -992454 | <9 || teraz | 11-60]  lao5rai | 21 
40 | 267395 | 31777 || -90230 | -49 || ‘e7agea | 11-58) — t7e5036 | 20 
41 | 9.268065 | 44 ys || 9.992406 | “yo |] 9.275658 | 4, nx | 10.724842 | 19 
42 | 268734 | 31-43 || .gozs8e | -8° || 27651 | 14-55 | “za36ag | 18 
43 | 260402 | F179 || 992859 | 98 || ‘erz04a | 41-53 | rep057 | 17 
44 | 270069 | 33°39 || -992885 | -49 || fevrz3a | 11-52 | Trope66 | 16 
45 | .270735 | 37793 || -992811 | -49 || ‘e7esea | 11-80) Croi5v6 | 15 
46 | .271400 | i597 || .992287 | -49 || ‘evo11a | 11-48 |  tze0887 | 14 
47 | 272064 | 14°93 || 992282 | 49 || “oro801 : "720199 | 13 
48) .272726 | 37"o3 || -992289 | 49 || ‘esoasa | 11-45 |  tr19512 | 12 
49 | 273388] i7'o9 || .9o2et4 | <4? |] “egirza | 34-43 | Crase06 | 11 
50 | .274049 | 45'9g || -992190 | -4° || ‘agie58 | 11-40)  ‘7i8i42 | 10 
s/s | some same | io | ogee | | mae 
PG z 3 ‘ 2 Y T1677 
53 | 276025 | 10-97 || ‘ooatis | —-40 11.37 


b4 | ‘276681 | 19-93 |) ‘ogeog3 | 42 “PRiDes oes “Hane 

277 42 || “28504 714053 

BY | -2i8645 10.87 || 992020 | -49 || ‘ongeoa | 11-28 |  “risav6 
. . . ry 

BS) 270207 | ioe || -991906 | 4 || ‘eersol | $138 | “12609 

2 10-85 ||: 901971 5 || lesvore ; "712028 

60’| 9.280599 | *-° || 9 991047 | -49_ || g oege52 | 11-25 | 197741348 


100°Cosine. | D, 1". Sine. | D. 1’. Il Cotang. | D. 1". Tang. 
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dnc 


- 





Sine. 
0’| 9.280599 
1] .281248 
2 -281897 
8 | .282544 
4 | .283190 
5 | .283836 
6 | .284480 
Vf -285124 
8 285766 
9 286408 
10 287048 
11 | 9.287688 
12 -288326 
13 . 288964 
14 | .289600 
15 . 290236 

16 -29087' 
17 291504 
18 292137 
19 292768 
20 293399 
21 | 9.294029 
22 294658 
23 295286 
24 295913 
25 296539 
26 297164 
27 297788 
28 - 298412 
29 .299034 
80 | .299655 
81 | 9.300276 
82 | .300895 
33 ~801514 
34 .802132 
85 | .302748 
36 -3803364 
87 | .3803979 
88 | .304593 
39 .805207 
40 .805819 
41 | 9.306430 
42 .3807041 
43 .807650 
44 -808259 
45 | .308867 
46 .809474 
47 310080 
48 310685 
49 .311289 
50 | .311893 
51 | 9.312495 
52 .813097 
53 .313698 
54 314297 
55 314897 
56 | .315495 
57 316092 
58 | .316689 
59°| .317284 
60’| 9.317879 
101° Cosine. 





Dias 





Cosine. 


991922 
991897 
991873 
991848 
| 1991823 

991799 
991774 
991749 
991724 
991699 


9.991674 
-991649 
- 991624 
-991599 
-991574 
-991549 
-991524 
991498 
-991473 
991448 


9.991422 
.991397 
.991372 
- 991346 
-991321 
.991295 
-991270 
-991244 
.991218 
991193 


9.991167 
-991141 
-991115 
-991090 
-991064 
. 991038 
- 991012 
-990986 
- 990960 
- 990934 


9.990908 
990882 
990855 
-990829 
-990803 
990777 
990750 
990724 
- 990697 
-990671 


9.990645 











9.991947 


Do i% 


RBSBRSEE BEREESEREE BRSRESRSSES 


Nas 
& a8 


43 

















Tang. 


9.288652 


289326 
289999 
290671 
291342 
292013 
. 292682 
293350 
-294017 
294684 
.295349 


9.296013 
296677 


1301951 


9.802607 
803261 
803914 
3804567 
305218 
-3805869 
.306519 
3807168 
307816 
308463 


9.309109 
309754 
-310399 
-311042 
-311685 
312327 
312968 
313608 
314247 
814885 


9.315523 
.316159 
-316795 
817430 
318064 
.318697 
319330 
-319961 
- 820592 
3821222 


9.321851 
322479 
.323106 
- 823733 
824358 
3824983 
825607 
826231 
826853 

9.827475 


Cotang, | 


DINK 


11.23 
11.22 
11.20 
11.18 
11.18 
11.15 
11.13 
11.12 
11.12 
11.08 
11.07 


11.07 
11.03 
11.08 
11.02 
11.00 
10.97 
10.97 
10.95 
10.93 
10.98 


10.90 








10.711348 | 60° 











| 
Cotang. 168° 


-710674 | 59 
-710001 | 58 
- 709329 
- 708658 | 56 
701987 | 55 
(07318 | 54 
- 706650 | 53 
705983 | 52 
705816 | 51 
-704651 | 50 


10.708987 | 49 
703823 | 48 
. 702661 | 47 
701999 | 46 
7013838 | 45 
700678 | 44 
-700020 | 43 
-699362 | 42 
-698705 | 41 
-698049 | 40 


10.697393 | 39 


oO 
) 


“692184 | 31 
'691537 | 30 


10.690891 | 29 


1685115 | 20 


10.684477 | 19 
.683841 | 18 
-683205 | 17 
-682570 | 16 
681936 | 15 
-681303 | 14 
.680670 | 13 
.680039 | 12 
.679408 | 11 
-678778 | 10 

10.678149 
677521 
.676894 
-676267 
675642 
675017 
674393 
673769 
673147 

10.672525 





<] 
See 


Tang. 





120 TABLE XXV.—LOGARITHMIC SINES 


ee st 












































I 
12° Sine. D;%t||| Cosine. |); Do1*. Tang. D. 1’. | Cotang. 167° 
0’| 9.317879 9.990404 9.327475 10.672525 | 60! 
1| .318473 | 9-29 || 990378 ao || scareoas [idee 83 | "1671905 | 59 
2| ‘319066 | 9-88 || ‘990361 }) 45 |) ‘azar | 79°89 | — .671285 | 58 
3| ‘si9e58 | 9-8% | ‘ovoes | <4 |) ‘32934 | 1935 | -670666 | 57 
4| 320249 | 9-85 || logozor | -48 || ‘39953 | Jy°98 | 670047 | 56 
7| <a22019 | 2:88 || 900215 “47 | 1331803 ce. “Gosia? | B38 
8 | ‘s20607 | 9:80 || ‘ogo1gs | -45 || ‘aaeei8 | Jp'58 |  .e67582 | 52 
9| 23104 | 2-48 || ‘opo1e1 | -43 || “338083 | 39°55 |  .606967 | 51 
10 | ‘seaveo | 9-77 || 190134 | -45 || 333646 | 35°58 |  -666854 | 50 
11 | 9.324366 9.990107 |” 9.334259 10.665741 | 4 
i) OSH | 8% | sam || Sae| 08) “alee 
1305584 | 2 “g90052 | 42 || {335482 : "664518 | 47 
Be) ae | Same) @ || Same] ie | aaa | 
3267 ‘ “989° . “336705 "663298 | 45 
16) 327281 9-68 || ‘ogog70 | -45 || ‘a3zai1 | 19-48 |  Le02680 | 44 
18 | ‘a2gs42 | 9-62 “Sesors | 45 || “ageer | 10-18 ors | 48 
19| ‘s20021 | 9-65 |) ‘ogoser| -42 || 1339133 | 39-40 | —lesose7 | 41 
20 | 329500 | 9-63 || ‘ososco | -4% || 330730 | 70:23 | 1660261 | 40 
21 | 9.330176 9.980832 | — 9.840344 “oy | 10.659656 | 39 
22 | 930758 | 9-62 || “ ‘ogogoa | -42 || ia4ogae | 40-07 | lesg05e | 38 
25 | .gaise9 | O57 || -g8ever | fr || Ban052 | ogg | 65848 | 87 
Bel ees [ite || teens, | ez 842155 | 49/93 |  -857845 | 36 
Be | “easoet | 255 || “Seomes | 47 || !sBapnoe | 20.08 | "Recess | oe 
a7 | 1933624 | 8-55 || ‘oeosss | -4% |) 1343958 | 30-00 “So0oe | 38 
28 | ‘334195 | 8-52 || ‘osoe37 | -4% || » ‘344558 | 10-00 |  “es5age | Be 
29 | 334767 | 9-53 || ‘osgcio| 45 || iaa5a57 | 8-88 | 1654843 | a1 
= od oo || -9e05s2 | -42 || ocaa5ve5 | 8°97 | — Le5aeas | 30 
9.335906 9.989553 9.846853 ‘ 
82 | 330475 ae 989625 | ff || -Btcodg 9.98 | 1053051 | 28 
: ee || a . 347545 : "652455 | 27 
Bt | 387610 | 943 || 980400) fy |) -Bu8id1 | 9°09 | 651859 | 26 
é | lsasraz | 9-43 |] ‘osaais| -47 || “siogn9 | 9-9 | cteoors | be 
37 | ‘330307 | 9-4 || ‘ososes | -47 || ‘si002 | 9-88)  “eo0078 | 23 
38 | 230871 §:38 || 989856 | -48 || cesosia | 9-87 “ei9iae | 32 
1340434 | 2: 1989328 | - 351106 =A 
9.37 7 : "648894 | 21 
id meee gay || -989800 | -4% |] <asteor | 8-85) . “¢8303 | 20 
: 9.989271 9.852287 ; 
42 | 242119 8-35 || 1989243 ae || Genppaze |) OB-82 10 erries | 48 
43 | 242670 | 9-53 || 8024 | <> |] .a5as6s | 9°85 | “o4anas | 17 
45 | 1843797 | 8-30 ‘seotsr | <8 || “Seaoio | 8:78) -Ga8as0 | fe 
46 | 344355 | ‘ sas |} Sa 91s |||, ReeeenO ihe 
47 | -B4so12 ace Senoe “ell “Soegis 0.77 “eagle? [43 
1345469 | 2: 1989071 | 135639 TS | "6436 
9.25 4 . 8 : 643602 
49 | 24002 | 9°55 989042 _ 256082 a | 1643018 rt 
51 | 9.347134 a 9988985 50 pee OP | scale 
Be | 247687 Hees $8856 8 | iaserar |) fo Neale | OB 
i é 7 i 
BE | -S48240 | a9 || -oseoer | fe || -aoaais | Gigy | -s406s7 | 7 
Ba | 248702 | 917 968808 | <5 || -359803 | ggg | -Gt0l0y | 6 
56 | ‘34903 | 9-27 || “ogsean | -48 || “setars | 9-65) -039586) & 
86 | 34 g.i7 || -S88840 | “45 |) 361058 | Ges | coasedy | 4 
5S aoe 9.15 Hes “48 -361632 9°63, 638368 | 3 
| See? | | ais 88782 | ae .362210 | 9"g5 | 687790 | 2 
9.18 ; 4 862787 637213 | 1 
607| 9.852088 | 9 9.988724 8 || 9:3c3364 | 9-6 | 10°@36e36 | oF 
102° Cosine. | D, 1. Sine, D. 1". || Cotang.| D.1". | Tang, 17° 


pecs. lb) = A SIE RTE Bo Na RI ee) LS 


8, 9 
) 12 


——— ee 
























































13°} Sine. | D.1° 
ae Es Cosine, | D. 1" 
r Paks Tan 
g. Dy" C 
aoa ie a otang. 166° 
1 | "352685 9.12 || O Sas005 
8 “353181 | 9-10 “288605 | $8 * ans 35485 i 
see | oh | Bee -48 || *-3e3o40 | 9-69 10.636636 | 60 
4) .s5azrt 9.08 ‘assess | 8° || ‘265090 sie] Spas os 
"354815 | 9-07 988607 | -38 Seu | a ‘ei a 
6| 1355358 | 9-05 988578 | “$5 eet) 3 | suet | 
7 | 355901 | 9:0 “9gg54g | -00 pet soe | certs | bs 
ere a eee as || 38680 | 9.53 ‘a | 
i 356984 | 9-02 -988489 | 32 ae | 8k as | 
0| [357524 | 9-00 988460 | “38 Sant | be eat | 
11 | 9.358064 9.00 988430 | -88 “300004 cm | Bu 
12| .358603 | 8-98 9.988401 « poe st = : 
13 | .359141 | 8-97 osssvi | “28 * Broas2 : ae 
i4| “359678 | 8-95 -ouss42 | -£8 ss | | aus | 
15| <360215 | 8-95 988312 | -B° ae | Bar en | 
16 | ‘cove | 8-95 ioe | | Sas) 38 ar: 
|| Sem || eee ot thes | $3] Sear | 
is | “361822 | 8-92 -oasezs | <8 ain | bs | 
Re ees || 8000s |t tees i) || Saas | ee a | 
20 | “seess9 | 8-88 988163 | “BO Sa | 300 | 
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122 TABLE XXV.—LOGARITHMIC SINES 
14 sine, | D.1°. |] Cosine. | D.1”. || Tang. | D. 1". | Cotang. 165° 
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28 | ‘aovee1 | 8-15 || ‘oscoo7 | —-88 411002 | gi7e. | | -588008 | 33 
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80 | ‘398600 | 8-15 985 ‘53 || -412187 | g'6g '587863 | 31 
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33} .400062 4 ‘ossei3 | -55 we 8.67 -586301 | 28 
34 | 400549 | 8-12 |] ‘osssi1 | -38 || ‘aiavag | 8-65 585781 | 27 
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COSINES, TANGENTS, AND COTANGENTS 


15°| Sine. 
0’| 9.412996 
i -413467 
2 .413938 
3 -414408 
4 -414878 
5 -415347 
6 -415815 
7 -416283 
8 -416751 
9 -417217 
10 -417684 
11 | 9.418150 
12 -418615 
13 -419079 
14 -419544 
15 -420007 
16 -420470 
17 .420933 
18 .421395 
19 -421857 
20 - 422318 
21 | 9.422778 
22 - 423238 
23 «423697 
24 ~424156 
25 -424615 
26 -42507: 
27 ~ 425530 
28 425987 
29 -426443, 
30 -426899 
81 | 9.427354 
32 - 427809 
33 - 428263 
34 -428717 
85 -429170 
36 - 429623 
37 -430075 
38 -430527 
39 -430978 
40 -431429 
41 | 9.431879 
42 432329 
43 -432778 
44 -433226 
45 -43367. 
46 -4384122 
47 -434569 
48 -435016 
49 -435462 
50 -435908 
51 | 9.436353 
52 - 436798 
53 -437242 
54 -437686 
55 -438129 
56 .438572 
57 -439014 
58 -489456 
59 | .439897 
60’, 9.440338 





105° Cosine. 
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7.60 
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Cosine. 


9.984944 
984910 
984876 
984842 
“984808 
984774 
1984740 
984706 
(984672 
984638 
:984603 


9.984569 
984535 
- 984500 
984466 
- 984432 
- 984897 
984363 
- 984328 
- 984294 
- 984259 


9.984224 
984190 
984155 
-984120 
984085 
984050 
984015 
-983981 
983946 
-983911 


9.983875 
-983840 
983805 
- 98377 
- 983735 
-983700 
- 983664 
- 983629 
983594 
983558 


9.983523 
983487 
- 983452 
- 983416 
983381 
- 983345 
- 983309 
- 983273 
- 983238 
- 983202 


9.983166 
- 983130 
983094 
- 983058 
- 983022 
982986 
- 982950 
- 982914 
- 982878 


9.982842 








Sine. 








D. 1". 

















Tang. 


9.428052 


428558 
-429062 
429566 
-430070 
43057, 

-431075 
481577 
432079 
482580 
-483080 


9.433580 
-484080 
-484579 
-435078 
-485576 
436073 
-436570 
-437067 
-437563 
.438059 


9.488554 
-489048 
-489548 
-440036 
-440529 
-441022 
-441514 
-442006 
-442497 
-442988 


9.443479 
-443968 
-444458 
444947 
445435 
-445923 
446411 
.446898 
«447384 
447870 


9.448356 
448841 
449826 
-449810 
450294 
450777 
-451260 
-451743 
«452225 
-452706 


9.458187 
-453668 
-454148 
454628 
.455107 
455586 
456064 
456542 
457019 

9.457496 


Cotang. 








D. 1°. 





00.0000 
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Cotang. 164° 


10.571948 


571442 
-570938 
570484 
-569930 
569427 
-568925 
568423 
-567921 
-567420 
-566920 


10.566420 
-565920 
565421 
-564922 
-564424 
563927 
-563430 
562933 
-562437 
561941 


10.561446 
-560952 
-560457 
559964 
559471 
558978 


"557012 
10.556521 


-556032 | 


-555542 
555053 
554565 
554077 
553589 
-553102 
-552616 
.552130 


10.551644 
-551159 
550674 
550190 
549706 
-549223 
548740 
-548257 
5ATTIS 
547294 

10.546813 
546332 
545852 
545372 
.544893 
544414 
5439386 
543458 
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Cotang. 163° 


16° 


aeseeceqeuegeye ys ar 
SSORSTRENE Somrmmawnone | 


Sine. 


9.440338 
440778 


444720 
9.445155 
445590 
-446025 
-446459 
-446893 
447326 
447759 
448191 
448623 
449054 
9.449485 
-449915 
450345 
450775 
451204 
451632 
452060 
452488 
452915 
453342 


9.453768 
454194 
454619 
-455044 


“457162 
"457584 


9.458006 
458427 
-458848 
459268 
459688 
.460108 
460527 
460946 
- 461364 
461782 


9.462199 
-462616 
-463032 





106° Cosine. 


—— 


9.465935 





TABLE XXV.—LOGARITHMIC SINES 


Dar 





2 SSSSSESER KLSSSSSSES SSRRRLSZES SHHSSSARAN SHSENVVVRR VRRRRSSSLES 





| ean 


i 
_ 











Cosine. 


"982109 


9.982072 
982035 
981998 
981961 
981924 


“981737 
9.981700 


.981662 
981625 


1981361 


9.981328 
-981285 
981247 
- 981209 
-981171 
-981133 
981095 
-981057 
-981019 
- 980981 


9.980942 
- 980904 
. 980866 
. 980827 
980789 
-980750 
.980712 
. 980673 
980635 


9.980596 


Sine. 








Deis 











Tang. 


9.457496 


.457973 
458449 
«458925 
-459400 
459875 
-460349 
-460823 
-461297 
-461770 
462242 


9.462715 
-463186 
-463658 
-464128 
-464599 
-465069 
465539 
-466008 
-466477 
-466945 

9.467413 
-467880 
-468347 
-468814 
- 469280 
-469746 
470211 
-470676 
-471141 
471605 


9.472089 
472582 
472995 
-473457 
-473919 
-474381 
-474842 
-475303 
475763 
476223 


9.476683 
-477142 
-477601 
-478059 
478517 
478975 
479432 
479889 
-4803845 
-480801 


9.481257 
-481712 
-482167 
-482621 
-483075 
-483529 
483982 
484435 
-484887 
9.485339 


Cotang. 


Ditiee 
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10.542504 


542027 
-541551 
-541075 


540600 


-540125 
-589651 


‘587758 


10.537285 
-536814 
586342 
-585872 





(535401 
"534931 
1534461 


583992 
538523 


-533055 


10.532587 
532120 


-531653 


531186 
530720 
. 530254 
529789 
529324 
528859 
- 528395 


10.527931 
527468 
-527005 
-526543 
526081 
-525619 
-525158 
-524697 
524237 
523777 


10.528317 
-522858 
522399 
-521941 
-521483 
-521025 
520568 
520111 
519655 
-519199 


10.518743 
-518288 
517833 
-517379 
-516925 
-516471 
.516018 
-515565 

-515113 


10.514661 


Tang. 
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17°) Sine. 
0’| 9.465935 
1} .466348 
2 .466761 
3 -467173 
4 .467585 
5 -467996 
6 -468407 
i, -468817 
8 .469227 
9 | .469637 
10} .470046 
11 | 9.470455 
12 | ..470863 
13 -471271 
14 -471679 
15 - 472086 
16 472492 
17 472898 
18 473304 
19 -473710 
20 .474115 
21 | 9.474519 
22 ~474923 
23 .475327 
24 .475730 
25 -476133 
26 -476536 
27 -476938 
28 -477340 
29 | .477741 
30 .478142. 
31 | 9.478542 
32 -478942 
33 -479342 
34] .479741 
35 | .480140 
36 | .480539 
37 -480937 
38 -481334 
89 | .481731 
40 ~482128 
41 | 9.482525 
42 | .482921 
43 .483316 
4 -483712 
45 | .484107 
46 | .484501 
aq 484895 
48 | . 488289 
49 | .485682 
-486075 
51 | 9.486467 
52 .486860 
-487251 
54 .487643 
55 | .488034 
56 | .488424 
57 | .488814 
58 -489204 
59 -489593 
60’ | 9.489982 
107° Cosine. 
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Cosine. 


9.980596 


- 980558 
-980519 
- 980480 
980442 
. 980403 
- 980364 
- 980325 
. 980286 
980247 
- 980208 


9.980169 
-980130 


979816 


9.979776 
-979737 
979697 
979658 
-979618 
-979579 
979539 
-979499 
-979459 
979420 


9.979380 
-979340 
979300 
979260 
979220 
-979180 
979140 
-979100 
«979059 
-979019 


9.978979 
978939 
978898 
978858 
978817 
978777 
978737 


‘978615 


9.978574 
-978533 
-978493 
«978452 
978411 
978370 
978329 
-978288 
«978247 
9.978206 


Sine. 























Tang. 


9.485339 
485791 
-486242 
-486693 
487143 
487593 
488043 
-488492 
488941 
-489390 
489838 


+494299 


9.494743 
-495186 
-495630 
-496078 


9.499163 
-499603 


7502672 
"503109 


9.503546 
-503982 
504418 
504854 
505289 
505724 
506159 
506593 
507027 
507460 


9.507893 
.508326 


9.511776 


Cotang. 


10.514661 | 60’ 
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Cotang. 162° 


-514209 | 59 
518758 | 58 
-513307 | 57 
512857 | 56 
-512407 | 55 
-511957 | 54 
-511508 | 53 
-511059 | 52 
-510610 | 51 
-510162 | 50 


10.509714 | 49 
-509267 | 48 
-508820 | 47 
-508373 | 46 
:507927 | 45 
-507481 | 44 
-507035 | 43 
-506590 | 42 
-506146 | 41 
-505701 | 40 


10.505257 | 39 
504814 
-504370 | 37 
503927 | 36} 
503485 | 35 
.508043 | 34 
-502601 | 33 
-502159 | 32 
-501718 | 31 
.501278 


30 
10.500837 | 29 
-500397 | 28 
-499958 | 27 
-499519 | 26 
-499080 | 25 
24 

23 

22 

21 

20 


8 


-498641 
-498203 
497765 
-497328 
-496891 


10.496454 | 19 
-496018 | 18 
-495582 | 17 
.495146 | 16 
-494711 | 15 
.494276 | 14 
-493841 | 13 
.493407 | 12 
-492973 | 11 
-492540 | 10 


10.492107 | 9 
491674 
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18° 








Sine. 


9.489982 
-490371 
490759 
.491147 
-491585 
-491922 
.492308 
-492695 
493081 
493466 
.493851 


9.494236 
-494621 
495005 
-495388 
495772 
-496154 
496537 
tat 
-497301 
-497682 


9.498064 
498444 
498825 
499204 
499584 
-499963 
500342 
500721 
-501099 
501476 


9.501854 
502231 
-502607 
-502984 
503360 
503735 
-504110 
504485 
504860 
505234 


9.505608 
505981 
-506354 
506727 
507099 
507471 
507843 
-508214 
-508585, 
-508956 


9.509326 
-509696 





9.512642 


108° Cosine. : 
po ES A a na OE Can eANaiaere AENE 


Diis 
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Cosine. 


9.978206 
978165 
978124 
978083 
978042 
978001 
977959 

977918 


(977835 
977794 


9.977752 
97771 
977669 
977628 
977586 
977544 
977503 
977461 
977419 
977377 


9.977385 
977293 
977251 
-977209 
977167 
-977125 
977083 
977041 
.976999 
976957 


9.976914 
- 976872 
976830 
976787 
976745 
976702 
-976660 
-976617 
976574 
-976582 


9.976489 


-976361 
-976318 
976275 
976232 
-976189 
976146 
- 976103 


9.976060 
-976017 
975974 
975930 
975887 
-975844 
-975800 
975757 

975714 


9.975670 
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9.511776 
-512206 
512685 
-518064 


"516057 


9.516484 
-516910 
517835 
-517761 


9.520728 
-521151 
-521573 
521995 
-522417 
- 522838 
523259 
523680 
-524100 
524520 


9.524940 
5253859 
-525778 
-526197 
-526615 
527083 
-527451 
527868 
- 528285 
528702 


9.529119 


582853 


9.533266 
-533679 
-534092 
534504 
-584916 
535328 
5357389 
-536150 
-536561 

9.536972 
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483090 
-482665 
482239 
481814 
-481390 
-480966 
-480542 
480118 
-479695 


10.479272 
478849 
478427 
-478005 
477583, 
-477162 
476741 
-476320 
-475900 
475480 


10.475060 
474641 
474222 
473803 
473385 
472967 
472549 
472132 
41715 
-471298 


10.470881 


-468389 
-467975 
467561 
-467147 


10.466734 
-466321 
-465908 
465496 
465084 
-464672 
-464261 
-463850 
-463439 
10.463028 
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19° Sine. 
0’| 9.512642 
1 -513009 
2 .5138375 
3 -5138741 
4! 1514107 
5 .514472 
6 | .514837 
7 -515202 ! 
S .515566 
9 .515930 
10 -516294 
11 | 9.516657 
12 -517020 
13 |} .517382 
14 -517745 
15 | .518107 
16 | .518468 
17 -518829 
18 -519190 
19 .519551 
20 .519911 
21 | 9.520271 
22 -520631 
23 -520990 
24 .521349 
25 -521707 
26 -522066 
27 -522424 
28 .522781 
29 .523138 
30 .523495 
81 | 9.523852 
32 | .524208 
33 . 524564 
34 . 524920 
35 525275 
36 .525630 
37 .525984 
38 .526339 
89 . 526693, 
40 -527046 
41 | 9.527400 
42 .527753 
43) .528105 
44 .528458 
45 .528810 
46 .529161 
47 .529513 
48 -529864 
49 530215 
50 .530565 
51 | 9.530915 
52 .531265 
53 .5381614 
54 .531963 
55 .532312 
56 -582661 
57 | .533009 
58 .583357 
59 583704 
60’| 9.534052 
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Cosine. | D. 1". Tang. 
9.975670 ne || 9-586972 
975627 | “18 “53TBRL 
975583 “537792 
719539 4 588202 
97 i 1538611 
075452 | 2 539020 
975408 | +13 539429 
975365 ou 539837 
‘ovsae1 | 3 540245 
975277 3 540653 
1975233 a 541061 
9.975189 ng || 9.541468 
weit) || “su 
975057 73 .542688 
974925 | 43 || 1548905 
974880 “AS |) 1544310 
; : 1544715 
-o7a7e2 | +43 "545119 
9.974748 ; 9.545524 
‘g7a703 | 75 545928 
g74659 | «73 1546331 
‘974614 | +3 "546735 
1974570 13 1547138 
‘974525 | <i “547540 
"974481 x 1547943 
974436 | +3 1548345 
974391 ci 548747 
974347 te 1549149 
9.974302 : 9.549550 
g74o57 | 549951 
‘gvaa12 | -05 “550352 
‘ov4i67 | + “550752 
914122 a 1551153 
"97407 : “5BIB52 
WB 

‘9740382 | "551952 
1973987 | +73 || 1552851 
‘g7s9g2 | +75 || 552750 
973897 | “RP "553149 
9.973852 "S 9.558548 
‘gearet | <2 |) “beasia 
973716 "5 554741 
vereri | (= "555139 
135 | ie | oss 
973535 Wt 556329 
973480 | «Pe “556725 

: : pole 
73444 | +8 ‘557121 
9.973398 my || 9.580517 
gysase | in 1557913 
973307 | “i “558308 
973261 Le "558703 
973215 | “ty 1559097 
973169 ue “559491 

73124 | fm || 559885 
97307 oe 560279 
1978082 | “a 560673 
9.972986 | - 9.561086 
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Cotang. 160° 
10.463028 | 60’ 
-462618 | 59 
-462208 | 58 
-461798 | 57 
-461889 | 56 
-460980 | 55 
-460571 | 54 
-460163 | 53 
.459755 | 52 
-459847 | 51 
-458939 | 50 
10.458532 | 49 
.458125 | 48 
457719 | 47 
.457312 | 46 
.456906 | 45 
.456501 | 44 
.456095 | 43 
.455690 | 42 
.455285 | 41 
.454881 | 40 
10.454476 | 39 
-454072 | 38 
.453669 | 37 
-453265 | 36 
-452862 | 35 
-452460 | 34 
.452057 | 33 
-451655 | 32 
.451253 | 31 
.450851 | 30 
10.450450 | 29 
.450049 | 28 
.449648 | 27 
.449248 | 26 
-448847 | 25 
-448448 | 24 
-448048 | 23 
-447649 | 22 
-447250 | 21 
-446851 | 2 
10. 446452 | 19 
-446054 | 18 
.445656 | 17 
-445259 | 16 
.444861 | 15 
.444464 | 14 
.444067 | 13 
.443671 | 12 
.443275 | 11 
-442879 | 10 
10.442483 | 9 
.442087 | 8 
.441692 | 7 
-441297 | 6 
-440903 | 5 
-440509 | 4 
-440115 | 3 
.489721 | 2 
.489827 | 1 
10.438934 | 0’ 
Tang. 70° 
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20°) Sine. 
0’| 9.534052 
1 | .534399 
2) .534745 
8 | .535092 
4 -535438 
5 | .635783 
6| 586129 
vg 536474 
8| .536818 
9| .587163 
10 | .587507 
11 | 9.587851 
12 .538194 
18 | .538538 
14 | .538880 
15 | .539223 
16 .539565 
17 | .589907 
18 | .540249 
19 | .540590 
20} .540931 
21 | 9.541272 
22 | .541613 
23 | .541953 
24 542298 
25 | .542632 
26 .542971 
27 | .543310 
28 .543649 
29 | .543987 
80 | .544325 
81 | 9.544663 
32 -545000 
33 | .545338 
34 545674 
35 .546011 
86 | .546347 
87 | .546683 
88 | .547019 
89 | .547354 
40 .547689 
41 | 9.548024 
42 548359 
43 | .548693 
44 .549027 
45 -549360 
46 .549693 
47 | 550026 
48 | .550359 
49 | .550692 
50 | .551024 
51 | 9.551856 
52] .551687 
53 |  .552018 
54 | .552349 
55 | .552680 
56 | .553010 
57 | .553341 
58 | .558670 
59 | .554000 
60’| 9.554329 
110° Cosine. 
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9.972986 
972940 
972894 
972848 
- 972802 
972755 
972709 
972663 
972617 
972570 
972524 


9.972478 
972431 
972385 
972338 


9.972011 
971964 
-971917 
971870 
971823 
971776 
971729 
-971682 
971685 
971588 


9.971540 


‘971113 


9.971066 
-971018 
-970970 
- 970922 
970874 
970827 
970779 
970781 
970683 
-970635 


9.970586 
970588 
970490 
970442 
- 970394 
970845 
- 970297 
970249 
-970200 


9.970152 
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| 9.561066 


.561459 
-561851 
562244 
-562636 


9.565373 
565763 
-566153 
566542 


1568873 


9.569261 
-569648 
-570085 
570422 
-570809 
571195 
571581 
571967 
BTR852 
572738 


9.573128 
573507 
578892 


9.580769 
-581149 
581528 
-581907 
-582286 
-582665 
583044 
583422 
583800 

9.584177 
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10.438984 | 60 
.488541 | 59 
-438149 | 58 
437756 | 57 
-437364 | 56 
-436972 | 55 
.436581 | 54 
.486189 | 53 
-485798 | 52 
-485407 | 51 
-485017 | 50 


10.434627 | 49 
434237 
.483847 


10.480739 | 39 
«430352 | 388 
-429965 | 37 
-429578 | 36 
-429191 | 35 
-428805 | 34 
-428419 | 33 
-428033 | 82 
-427648 | 31 
427262 | 30 

10.426877 | 29 
-426493 | 28 
-426108 | 27 
-425724 | 26 
-425340 | 25 
424956 | 24 
-424573 | 23 
-424190 | 22 
423807 | 21 
428424 | 20 

10.423044 | 19 


-419611 | 10 


10.419231 
-418851 
418472 
-418093 
-ALT714 
417335 
-416956 
-416578 
-416200 

10.415823 
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21° Sine. 1D igs Cosine. 
0/| 9.554829 |. yo || 9.970152 
1} .554658 | 2-48 .970103 
2| .554987 | ear .970055 
8} .B55815 | Pye . 970006 
4} .555643 | Bay 969957 
5 | 550071 | ay . 969909 
6 | .556209 | Pan .969860 
@ | 556626 | 2-72 .969811 
8 | .556953 | "4 969762 
9 | .557280 | = B 969714 
10 | .557606 | 3-45 969665 
11 | 9.557932 | 5 4a || 9.969616 
12 | .558258 | 5°45 .969567 
13 | 558583 | 5-45 969518 
14 | .558909 | 5-45 969469 
15 | 559234 | 2°45 969420 
16 | 559558 | 5°45 .969370 
17 | .559883 | 5°45 .969321 
18 | .560207 | 2°49 .969272 
19 | 560531 | "49 . 969223 
20 | .5i 538 .969173 
21 | 9.561178 | ~ 9, || 9.969124 
22 | .561501 | 5 "98 969075 
23 | .561824 | F'3, -969025 
24| .562146 | 2-30 -968976 
25 | .562468 | P'5, .968926 
26 | .562790 | 5-3, .968877 
27 | 563112 | £30 . 968827 
28 | .563433 | £37 968777 
29 | .563755 | 5 "35 968728 
30 | .564075 | Pas .968678 
81 | 9.564396 | ~ 95 || 9.968628 
82 | | .564716 | P35 . 968578 
83 | .565036 |p "95 - 968528 
84 | .565356 | 2"39 .968479 
85 | .565676 | 255 .968429 
36 | .565995 | 235 .968379 
87 | .566314 | 235 968329 
88 | .566682 | 255 .968278 
39 | .566951 | £35 968228 
40| .567269 | £35 -968178 
41 | 9.567587 | ~ og || 9.968128 
42 | .567904 | £59 .968078 
43 | 568222 | 25g .968027 
44 | .568539 | Fog 967977 
45 | .568856 | 2°55 967927 
46 | .569172 | 2"oy .967876 
47 | .569488 | 2°57 . 967826 
48 | .569804 5 o7 967775 
49 | .570120 | 2755 967725 
50 | .570485 | 25- 967674 
i | 9.570751 | 5 ox || 9.967624 
52] .571066 | 553 967573 
53 | .571380 | 2755 967522 
54 | .571695 | 253 967471 
55 | .572009 | 553 967421 
56 | .572823 | &'S0 . 967370 
BY | .572636 | P59 967319 
58 | .572950 | 2 *G0 .967268 
59 | .578263.| 5°59 967217 
60’| 9.573575 y 9.967166 
111° Cosine. | D. 1’. Sine. 
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9.584177 


584555 
584932 
-585309 
585686 


594285 
594656 
-595027 
595398 


9.595768 
-596138 
596508 
-596878 
597247 
-597616 
-597985 
-598354 
598722 
-599091 


9.599459 
-599827 
-600194 
-600562 
600929 
-601296 
-601663 
602029 
602395 
602761 


9.603127 
- 603493 
- 603858 
- 604223 
604588 
604953 
-605317 
- 605682 
-606046 
9.606410 
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10.415823 
415445 
-415068 
-414691 
-414314 
-413938 
-413561 
-418185 
412810 
-412434 
412059 


10.411684 
-411309 
-410934 
-410560 
-410186 
-409812 
- 409438 
-409065 
408692 
4088319 


10.40794 
407574 


405715 
405344 
404973 
404602 


10.404282 
-403862 
403492 
-403122 
402758 
402884 
402015 
-401646 
401278 
-400909 


10.400541 
400173 
899806 
899488 
-899071 
898704 
898337 
897971 
-3897605 
897289 


10.396873 
896507 
896142 
895777 
895412 
895047 
894683 
894318 
893954 


10.393590 
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Bog || -965090 | -88 “ezodse | 5-93 | “Brena | Se 
41 | 9.586179 | ‘sg |] 020787 | BO | eas ta 
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Sine. 


9.591878 
-592176 
592473 
592770 
593067 
593362 


9.595137 
-595432 
595727 
-596021 
-596315 
-596609 
-596903 
-597196 
597490 
597783 


9.598075 | 


598368 
-593660 
598952 
599244 
-599536 
599827 
-600118 
600409 
600700 


9.600990 
-601280 
-60157 
-601860 
-602150 
602439 
-602728 
-603017 
- 603305 
- 603594 


9.603882 
-604170 
-604457 
604745 
-605032 
-605319 
- 605606 
-605892 
-606179 
-606465 


9.606751 
.607036 
-607822 
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607892 
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-608461 
-608745 
.609029 
9.609318 
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9.964026 
963972 
- 963919 
963865 
-963811 
-963757 
- 963704 
- 963650 
-963596 
- 963542 
- 963488 


9.963434 
963379 
- 963325 
963271 
-963217 
-963163 
-963108 
- 963054 
-962999 
- 962945 


9.962890 
- 962836 
- 962781 
962727 


-962178 
-962123 
- 962067 
- 962012 
- 961957 
- 961902 
-961846 


9.961791 
-961735 
- 961680 
961624 
-961569 
-961513 
- 961458 
961402 
961346 
-961290 


9.961235 
-961179 
- 961128 
- 961067 


960786 


9.960730 


Sine. 














Tang. 


9.627852 


- 628203 
628554 
-628905 
-629255 
-629606 
629956 
630306 
-680656 
681005 
681355 


9.631704 
-682053 


9.635185 
-635532 
-635879 
-636226 


-686572, 


-636919 
- 637265 
-637611 
-637956 
638302 


9.638647 
-688992 
639337 
-689682 
-640027 
-640371 
-640716 
-641060 
-641404 
-641747 


| 9.642091 


-642434 
642777 
-643120 
-643463 
-643806 
.644148 
-644490 
644832 
-645174 


9.645516 
-645857 
-646199 
-646540 
-646881 
647222 
647562 
647903 
648243 
9.648583 


Cotang. 


Diaz: 








TOUT OT OC OT OT OT OT OLOT OT. SLOT OT TM OT OTTO OT UOT OT TOTO TOT OWOT OT 
NIN NABYIVBwA IY Yor 0. AO. GGA a0 © 
RAK KNAIISISSS SSSSSSESRS SRSSSSRERAR 





Der 


10.372148 


871797 
«871446 
871095 
870745 
870394 
3870044 
-869694 
369344 
868995 

368645 


10.368296 
367947 
867598 
867250 
-366901 
866553 
-366205 
865857 
-3865510 
865162 


10.364815 
-364468 
864121 
863774 
863428 
363081 
862735 
3862389 
862044 
-861698 


10.361353 
861008 
360663 
360318 
859973 
859629 
859284 
858940 
858596 
858253 

10.°57909 
~vd7566 
«857223 
856880 
856537 
856194 
855852 
.855510 
.3855168 
«854826 


10.354484 
854143 
353801 
-853460 


10.351417 


Tang. 


131 





DIO 


= 


COM WOR Or 


66° 


132 TABLE XXV.—LOGARITHMIC SINES 


i 























24° Sine. | D.1’. || Cosine. 
| 9.609813 | 4 73 || 9.960730 
rane) 2 | a 
3| ‘eto1e4| 4:43 || ‘960561 
4| ‘610447 | 4:22 || 1960505 
5 | ‘610729 | 4:20 960448 
6| 611012 | 4:22 *960392 
7 | ‘611204 | 4:29 || ‘960885 
8| ‘611576 | 429 | ‘960279 
9| 611858 | 4-72 || ‘960222 
5 ) 4.70 . Seg 
10 | ‘612140 | 4:43 || 960165 
11 | 9.612421'| 4 ¢g || 9.960109 
Bee | fe | ee 
44 | ‘613264 | 4:83 || %959938 
15 | ‘613545 | 4:98 || ‘95082 
16 | 1613825; 4:8 || ‘959825 
17 |. 1614105 | 4:% || ‘959768 
18 | ie14385 | 4:87 || ‘oso711 
19 | 614605 | 4:22 |! ‘959654 
: 4.65: || 2° 
20 | ‘614044 | 4:83 || 959596 
21 | 9.615223 | 4 gx || 9.950539 
a2 | 1615502 | 4°63 || .959482 
or | ceneoeo | 4-5 || osnace 
95 | 616338 | 4:68 ||. 2959310 
26| 616616 | 4:3 || :959253 
7 | le16804 | 4°63 || 959195 
8) ‘e17172 | 4:63 || 7959138 
ae | erase | 4-63 |]. “ess0se 
Bee 4.62 ae, 
30 | 61727 | 4:62 || ‘959023 
81 | 9.618004] 4 go || 9.958065 
ee eeae 
si | 618834] 4-89 || ‘ops7o2 
35 .619110| 4-69 || ‘ops7s4 
B) ieee) 28 | Be 
38 | 619938 | 4:82 || ‘o5e5e1 
39 | 620213 ass "958503 
40 | 1620488 | 4°98 || 958445 
41 | 9.620763} 4 x, || 9.958387 
Biome: | de | ee 
44} “62i5e7 | 4:57 || “osgers 
45} .62tse1 | 4:5% || “ossi54 
“o2zigs | 4-5% || ‘958006 
ay | leases | 4-37 || “opsoss 
48 | 622682 | 4:55 || ‘o5zo79 
49 | .6o2056 | 4-57 Sees 
. 622956 4.55 . 957921 
50 | .e2se20 | 72> || .957863 
B1 | 9.623502 | 4 nq || 9.957804 
Ba lenour | £55 || ‘osres7 
56 | .geae63 | 4:53 |] ‘opr 
57 | 1625135 | 4:53 |) ‘osvane 
58 | 625406 | 4:52 || [957303 
59 | 625677 | 4:52 ||  ‘os7gas 
Ur 4 52 ate or 
60’! 9.625048 | 4:5? || 9 gs7276 
114° Cosine, | D. 1". Sine, 





Del": 




















Tang. 


9.648583 


648923 
-649263 
649602 
649942 
650281 
-650620 
650959 
-651297 


°651636 
1651974 | 


9.652312 
652650 
- 652988 
- 653826 
- 653663 
- 654000 
654337 
654674 
655011 
655348 


9.655684 
-656020 
- 656356 
656692 
- 657028 
657364 
-657699 
- 658034 
-658369 
658704 


9.659039 


(662043 


9.662376 
662709 
668042 
- 668375 
-663707 
-664039 
664371 
664703 
-665035 
- 665366 





Dae 


ABRARARIRAARWAAD 


OVOT CLOT OTOTOVOVONOTON ON OTUTOVOTOUOTOUOT OUST ST OT OTST OE DP DARD BBBPBWRAAID AD 


SSSSBSUNS5 CH WIG OI GIGOLO SCLOLOATRITTINNANIWA! DDDDWBOSSOSOOS SSSLSSSESSE CO OO OF G9 CLOT OT I Or 2 AE 


10.351417 
.851077 
350737 
850398 
-850058 
-849719 
-349380 


848703 
348364 
848026 


10. 347688 
347350 
347012 
846674 
-846337 
846000 
-845663 
845326 
844989 
-844652 


10.344316 
843980 
-343644 
343308 
842972 
-842636 
842301 
- 341966 
-841631 
341296 


10.840961 
-840627 
-840292 
839958 
- 339624 
889290 
-838957 
-338623 
-338290 
837957 

10.337624 
887291 
. 886958 
836625 
836293 
-330961 
885629 


10.834302 
833971 
-333640 
3833309 
-3882979 


.331657 
10.331327 





Tang. 





849041 | 


{ 
Cotang. 155° 


60" 
59 
58 
| 57 

56 
55 


z 





= 


SCHWWROANQIWOO 


65° 


COSINES, TANGENTS, AND COTANGENTS 133 
DEE TS, SSE EEE SS a aE 


















































25° Sine. D. 1". |} Cosine. | D. 1". Tang. | D.1". | Cotang. 164° 
0'| 9.625948 | 4 55 || 9.957276 | 9g || 9.668673 | . 4g | 10.881827 | 60" 
1| 626219 | 4p || .ooei7 | “28 || ‘esg002 | 5-48 "330998 | 59 
2| -e26i00 | 7:55 || ‘e575 | 28 || ‘eeoase | 5-50 "330668 
8 | 626760 | 4:59 || ‘957009 | -98 || ‘eeg6e1 | 5-48 "330889 | 57 
4| 627030 | 4:3) || ‘957040 | -$8 || ‘eeg901 | 8-80 "330009 | 56 
5 | .627300 | 4-55 || .956081 | 4:65 |) <ez0a20 | 3-48 "329680 | 55 
6 | .627570 | 4:55 || -956021 | 7:98 || cezoeso | 5-48 "329851 | 54 
%| 627640 | 4-02 || 90e862 | <88 || lezogr7 | 3-42 "329023 | 53 
8} -e2esioo| 4-48 || 956803) -§8 || ‘671306 | 5-48 "328694 | 52 
9| .o2ss7s | 748 || .956744 | ‘88 |] -eriea5 | 5-48 "328865 | 51 
10 | -628617 | 4°43 || .956684 | 7-09 || ceri963 | 5-47 | ‘30807 | 50 
11 | 9.628916 | 4 4g || 9.956625 | “gg || 9.672201 | 5 yy | 10.827709 | 49 
12| .620185 | 4-45 || 956566 | 4"Go || -e726i9 | 5-47 "327381 | 48 
13 | 620453 | 4-4" || ‘ose506 | 1:29 || ‘ergos7 | 5-42 "327058 | 47 
14| czovet | 4-77 || -s5e4a7 | 1-28 |] .evse7a | 3-45 |  ‘peeve6 | 46 
15 | 620989 | 4-47 || .o5ese7 | 4:09 || evseo2 | 24% | ‘326898 | 45 
16 | .630257 | 44% || ooesev | 1-99 || ‘erao20 | 3-45 |  ‘seeo7i | 44 
17 | 630524 | 4-45 || ‘950268 | 4-88 || Jezags7 | 8-42 "325743 | 48 
18 | :630792 | 4-42 956208 | 3:09 || ‘erase | 8-48 325416 | 42 
19 | .631059 | 4-43 || ‘osei48 | 1-09 || ceraoi1 | 3-48 325089 | 41 
20 | 631826 | 4-42 || 906089 | 4-08 |) ce7sea7 | 3-43 |  aear6s | 40 
21 | 9.631593 | 4 43. || 9.956029 | 4 99 || 9.675564 | . 49 | 10.924436 | 39 
22 | ‘631859 | 443 || “‘oss9c9 | 1:00 || cezsg00 | 3-43 | ‘aediio | 38 
93 | 632125 | 4-43 || ‘o5s909 | 1.00 676217 | 3-45 323783 | 37 
24 | 632302 | 4-48 || ‘955819 | 30° 676543 | 2-43 |  '303457 | 38 
| ‘632658 | 4-43 || ‘osszgo | 1-00 e76s6o | 3-43 | 1303181 | 35 
26 | 632023 | 4:42 || ‘o55720 | 1:00 677194 | 2-42 "322806 | 34 
ey | -633189 | 4-43 || ‘o55669 | 1:00 677520 | 3-43 |  13224go | 83 
28 | 1633454 | 4:42 || los5609 | 2:09 e77e4e | 2-43 |  a2etb4 | 32 
29|. 633719 | 4°42 || lossas | ,-98 e7rsi7i | 2-42 "321829 | 31 
80 | :633084 | 4°42 || cossags | 1-00 676496 | 2-45 |  .821504 | 30 
31 | 9.634249 | 4 yo || 9.955428 | 499 || 9.678821 | 5 go | 10.821179 | 29 
82 | 1634514 | 4-42 || losses | 1:00 || “‘evo1ge | 9:42 320854 | 28 
33 | 1634778 | 442 || lassa07 | 3:02 || “ezaazi | 8-42 320529 | 27 
84 | 635042 | 4°29 || lossed7 | 1:00 || <ezavos | 3-49 320205 | 26 
35 | 635806 | 4°49 || :955186 | 1:02 || ‘eso120 | 3-42 319880 | 25 
36 | .635570 | 4:49 || ‘955126 | 1:00 || Lesoaaa | 3-48 319556 | 24 
37 | 635 442 || 1905065 | 3:02 || cesoves | 8-49 319232 | 23 
as | 636097 | 4-38 || ‘955005 | 1-09 || ‘es1092 | 8-40 318908 | 22 
39 | 1636360 | 428 || ‘o54oaa | 1:02 || ‘esiais | 3-40 "318584 | 21 
40 | 636623 | 4:38 || ‘954883 | 7:28 || ‘es1740 | 3-38 318260 | 20 
41 | 9.636886 9.954823 9.682063 10.317997 | 19 
1637148 | 4°32 |] osaz62 | 1-92 || “eseaer | 8.20 17613 | 18 
43 | \6374i1 | 4:39 || ‘954701 | 1:02 || ‘eserio | 8:88 ave00 | 17 
44| 637673 | 4:37 || ‘054640 | 3-02 || 683083 | 3-38 316967 | 16 
45 | 1637935 | 4-37 || ‘o5as79 | 1:02) || egaa56 | 2-38 316644 | 15 
46 | ‘63gi97 | 43" || ‘954518 | 1-02 || ‘es36z9 | 2:38 316321 | 14 
ay | ‘638458 | 435 || ‘ooaas7 | 1-02 || ‘eesoo1 | 2-3 315999 | 13 
1638720 | 4°3% || ‘954906 | 1:02 || ‘esaseq | 3-28 315676 | 12 
49 | ‘63981 | 4-35 || ‘954835 | 1:08 || ‘egaeae | 3-3 315354 | 11 
50 | .6se242 | 47-22 || ‘ongera | 1:08 || ceesoes | 2:3) 315032 | 10 
B1 | 9.639503 | 4 9x || 9.954213 | 4 o5 || 9.685290 | 5 97 | 10.814710) 9 
se | 630764 | 4:25 || longis2 ) 1-02 || lessee | 3-3 "314388 | 8 
53 | 1640024 | 4-33 |) ‘954000 | 1:03 |) ‘esso3a | 2-3t "314066 | 7 
54| 1640284 | 4-33 || ‘o54o20 | 1:02 || ‘eseans | 3-3 "313745 | 6 
B5 | 1640544 | 4:32 || ‘ona0e8 | 1:02 || lesesr7 | 8:32 "313493 | 5 
56 | 1640804 | 4-33 || ona006 | 1-08 || 686808 | 3-3? "313102 | 4 
57 | ‘641064 | 4°33 || ‘osaeas | 1-03 || ‘eazei9 | 2°32 "312781 | 3 
58 | 1641324 | 4-33 || ‘953788 ) 1:03 || ceazsao | 2°32 "312460 | 2 
59.| 1641583 | 4-22 || ‘osavea| j:02 || 687861 | 2°32 312139 | 1, 
60’| 9.641842 | 4: 9.953660 | 2: 9.688182 | > 10.311818 |. 0 
115° Cosine. | D. 1’, Sine. | D. 1”. || Cotang. | D. 1” Tang. (64° 





in TiS 





134 TABLE XXV.—LOGARITHMIC SINES 
en 












































26% Sine. | D, 1”. || Cosine. | D. 1°. Tang. | D. 1". | Cotang. 153° 
0’| 9.641842 9.953660 9. 688182 Paes 
1 | .642101 4.32 "9535094! 4,02 pensoe | 58s 10.811818 | 60 
4.32 x 1.03 5.35 -811498 | 59 
2| 642360 | 4-33 || ‘953587 ) j7o3 |] -688823 | 5°33 | 311177 | bs 
3 | 1642618 | 4igo || -958475 | 703 || 889148 | 519g | — -810857 | b7 
4) C807 | 4°30 |] -Oepane | 1-02 ‘eso463 | 5-33 | [310587 | 56 
5 | -873393 | 4-22 || 953290 | 1-08 oe 5 33 310217 | 55 
£ | -eage50 | 4-23 || 5308 | 1-03 || ceo0ge3 | 8:38 209897 | 54 
2 | -g43008 | 4:30 |] ‘958166 | 1-03 || ‘eo07a2 | 5-32 :809577 | 53 
9 | 1644165 | 4:23 |) 958104 we || eastods [ise eon re: 
10 | esas | $33 | cosgoe | 7-03 |] 001881] Big2 | 808619 | oo 
11 | 9.644680 9.952980 | 4 9.6917 
42 | 1644936 | 4:22 || “‘oszo18 | 1-03 pe am ee Bed 
ta | 145193 | 428 || lo5e855 | 2-0 || ‘eooass | 5-82 | | 7981 | 48 
14 | 1645450 | 4:28 || ‘ose7oa | 1-33 Pe |. BO |) Geen tel 
ts | 1645706 | 22% || ‘o5e7a1 | 1-08 || ‘602 23g | — -807344 | 46 
16 | .6t5962| 4:24 || ‘oseeco | 3-03 “pobaoe | 80° || inaror: | ae 
Dl taeres 42% || c95e544 | 75 “693980 ae rapeeco ae 
646729 | 4-22 || ‘952481 | J co4eds | 5 cane 
4.95 103 || - ; ‘805752 | 41 
wae 4.27 es 1.03 || ceo4566 | 2-2 | (205484 | 40 
; 9. 
gt | O Btraod | 423. || “ospe04 | 1-03 694888 | 5 39 | 10.805117 | 39 
23 647749 4.25 = 1.05 5.28 .804799 | 88 
i | ‘648004 | 4-25 9522581 | 405 -695518 | 2°39 .304482 | 37 
35 | ‘esses | 2-23 || ‘osei06 | 1-08 -695836 | F'pg | —-804164 | 36 
26 | .648512 4.23 eee 105 Aaa 598 -303847 | 35 
97 | ‘eases | 4-23 || ‘951980 | 1-95 Ee [i Bas .303530 | 34 
28 | ‘649020 | 4-22 || 951917 oe seer th eee See 
39 | C4094 | age || Beit | 1:05 || -Gorese 5.23 | 1302580 ay 
al Gieanen oe ets 1103 || 697736 | 5:03 |  .802264 | 30 
2 “650034 | 4-22 951605 ee Fees | GRR | tssese 29 
.650287 ‘ . 951602 : “ggg685 | 5.22 : 
. yi 6 : 
36| ‘esiod4 | 4:20 9p14i2 | 1-0% ereeas Oe .800684 | 25 
| EO | aba! || cgeaauc | 1205: eagmaar | Ouest || inesnoee i oa 
38 | 1651549 | 4:20 || ‘o51e86 | 1:02 ||: a? pipe || \se00053") 28 
4.18 +v0) 0 - 700263 “999737 
30 | 1651800 | 428 || ‘o5122 | 10% || czoo57s | 2-23 el 
40 | 652052 | 4:29 || ‘951159 | 4:95 || :700893 | P32 eons 
41 | 9.65 < 5) Re 
de | 6oRe65 4.18 Scores 1.07 9.701208 | 5 95 | 10.208792 | 19 
ae | 63g | 4.18 |] “Seompe | 1:03) || tomes | 5:25" | coorees | 76 
Bl aeeeeens | 21s | cgegact | 107! |lcwimeage Wbeeee || teeerea lee 
46 | .¢53558 | 4-12 eee. etnOD 102466 | 5°5 1297534 | 15 
a | “053808 yes “pyri a chy ae esa 
48 | .65405 : “950e30 | 2- ; 5. . 5 | 18 
49 | 654309 | 4-17 rf eeora MULE [oo te are -296591 | 12 
BO} .654558 | 4:15 950502 | 1-07 eae |b Dees 296278 | 11 
4.17 950522 | 497 704036 | 2°53 "295964 | 10 
B1 | 9.654808 | 4 47 || 9.950458 | 1 o7 || 9.704850] 5 99 | 10.205650 | 9» 
be | ous | 440 |)“ suoed | 1. ||“ rnioss | BB | es: | 8 
655 15 || “950a30 | 1-9% || ‘rogo76 | 5: 295557 | 8 
B4| ‘eo5556 | 7:13 || ‘osozss | 3-04 peers meee? | lasers 
55 | .655805 | 4° ‘950202 | 1-97 hares (bee 294710 | 6 
56 | 1656054 | 4-15 || ‘oso1s8 | }-07 sence 1 Deee 294397 | 5 
57 | 656302 | 4-13 || ‘oso074 | 1-07 || ‘roeaes | 3:38 ieviced Ms. 
58 | 656551 | 4:15 || ‘osoo10 | 1-02 nogeai | 5-22 293772 | 3 
S| toms | $i | a | 19 | ML) | ee | | 
| Seen -9-oagssi | 1-7 || o:tort66 | °° | to.202684 | 0” 
° * 5 ¥ we 
116°Cosine. | D. 1”. Sine. D. 1". || Cotang. | D. 1". Tang. [63° 




































































27 Si : 
Sine. | D. 1°. || Cosine. | D. 1° v 
— == , ang. | D. 1°. | Cotan 152° 
0’| 9.657047 a ee mike 
1 |” -eora9s 4.18 9.949881 | yg || 9.707166 Tar 
as rich “49702 1.07 ie eee 10 poe | 60. 
Ba epeace |) ae |t cigars |e * Bs "292210 
6| 1658531 | 4:12 ‘949558 | 1-08 hea 230 “DO1S86 2b 
7| .esgr7e | 4:12 "949494 | 1-07 seen Wl 8 ‘Dota 2 
8| “es9025 | 4:12 “949499 | 1-08 709087 aS eaten |i 
9| ‘e50271 | 4: "949364 | 1-98 ross | 5-90 |: 63 | 54 
10 | “680517 aie || *legaoo | Fee “709660 | 318 po0R0 | be 
: aa0. || segge85 | 2:08 ‘wogg71 | 5-18 -290840 | 52 
11 | 9.659768 | , 1.08 wioase | 5-18 -290029 | 51 
22 | "-600009 0 Bee | oe || Snes Si | Me a 
; ; 1949105 | 2: : 
By (eereot 440 949040 1.08 ers vag 70-530096 | 48 
iia | 208 Ht cteane | & ou 5 [288785 
16 | ‘660991 | 4-08 “g4gg10 | 1-08 ee a “288475 FA 
Betas, | 4908: |) cease oe || czirea6 | B18 | ‘assies ri 
47 | 061236 | 43 || 948780 | To vragias | 5-37 | Saareba | 44 
Bo | 2c 4.0 “948715 | 1-08 712456 site 7854 | 44 
19 coir | £98 || “tiees0 | 18 |] “ribo B17 | “aero | 42 
Bs. ‘peaeens 4.07 -948584 | 3 ‘og “713886 | 2-17 286924 | 41 
ees roe Wee, | Los |) Bee Riss Le 
tego | 4% | BRR) 190 | BR) 8s 10-3005 | 
25| 663190 | 4:07 -948323 ; : 5. 285686 
Merce. | 405 || --gaos ree || (ogiased | Bae. |) Aeapave 
ence, | 207 |i spate 108 |) -714983 | 545 “BabOOT | 35 
ee cee | aos! || eee iio || -71922 | B15 "Beao8 | Be 
A 15 284758 | 34 
59| ‘664163 | 4:05 “948060 | 1-10 “715551 | 5 284449 
Bei ieee | £05 || -toateso Tos || -715860| By3 |  -284 Bs 
. “oar 11 “716168 | 2-23 -284140 | 82 
31 | 9.6 4.03 947929 aa “146477 Bab 283832 | 81 
32 | .ee4go1 | 4-0 9.947863 9.7 5.18 beting oe 
et | Zoe || met 1.10 || 9-71678 | 5 4g | 10.288215 
Bi | “605875 4og.|| S28 1.10 reo 5.18 | “(282907 38 
“gese17 | 4:03 665 : 7 5.13 282599 | 27 
36 | (665959 | 4:93 947600 | 1-08 T1709 | ey 282291 
37 | 666100 | 4-2 gavess | 1-12 || “Aegon 53 “Bs1983 | 28 
38 666342 | 4:93 947467 | 1-10 -718825 | 5° 1281675 is 
| 947401 | 1-10 .'718633 13 ; 24 
40 | “e00sed 408 farace | L8G. |i eceaeoas B12 | “231060 | 32 
: 402 947269 | 1-10 "719248 | 5-13 -281060 | 22 
41 | 9.667065 4 1/10 “19555 5.12 280752 | 21 
fe | oeeroos | 4-00 |] °:Sariae 9 pele: ee | 
43.| 667546 | 4-02 947136 | 1-12 -719862 | 5 10.280138 
44) 667786 4.00 La ba ‘Deu Bele. |) cnaaeal 4 
5 668027 | 4:02 , pony 5.12 279524 | 17 
46 668267 4.00 946937 1.12 hee E40 “orgni7 | 16 
| cooeres | 8.98 || -cGaesos Bid: || atereee | OAR |: oceans | 4 
4i | 08506 | 4°59 |) -940804 | 19 veaiaoe | 32 | “eteood | 14 
a ee | B80 |l tees | 0 ; 14 
50 | “600225 4.00 || ‘ousert | 1-12 “Foon | B22 | “Sivoot | ia 
1669225 | 3° 9 Wag | veteeels | B46 sarge! | 18 
oo 3.98 46604 | 5779 || -722621 5.10 277685 | 11 
b2 669703 3.98 9.946588 Tig ince: 5.10 .277379 | 10 
ane ee ee 
55 | 670419 | 3-97 6337 | 5° “y 5.10 1276462 | 7 
56 670658 | 3-298 946270 | 1-12 eas 5.08 ‘076156 | 6 
Br | 670806 | 8-22 | 946003 | 1-12 erg || 2108 "O75851 | 5 
Be terres |, Bae || eranen Bae || debeey N EO: |) areeen | ea 
69 | ‘e71s72| 3-27 | ‘o46069 | 1-12 ||; 760 | 5) 275240 
82, "9 112 “795065 | 2-08 ae 3 
60'| 9.671609 | *9 Oro 1.19_|l ghee 5.08: | cllapen | od 
aT Begs hacen Bien | BOr* |) sees tig 
sine, D. 1". Sine Der eee - 274826 0’ 
'e 5 | a — 
otang.! D.1". i Tang, |62° 
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28°) Sine. Did’; Cosine. | D. 1". Tang. D. 1". | Cotang. 151° 
o’| 9.671609 9.94593 9.725674 ‘ “60 
1 | Griss7 B07: || 045e68y, 245 “7egr9 | 8-08 10 pd0e1 | 59 
3 | lerosot | 8-95 || “Sioras | 112 |) crosses | 5-07 | carats | br 
4| 672558 | 3: 945666 | 3 ‘7a6s92 | 8-02 |  ‘o7ai0 
B| corres | 3-95 |] <gasoo8 | 1-13 || “Peeior | 5:08 | “Btoaos | be 
7 72 272803 
6.013082 Sas. || {5681 1.12 || ‘vete01 | 5-07 | cereag9 a 
§ | corssos | 8:95 || ‘Sasso | 218 |) “foetos | 5:07 | “tion | Bs 
5 | gaseat |. 3608: || “gabaog | ted8: || ih 5,05, |) CRedagel age 
| Sestat | os |] 2458 | Tay || SHE | Sor | Briss | 1 
08s Il ede || cgeeenie | Be 271284 | 50 
11 | 9.674213 9.945193 9.720020 | oe 
12 | .674448 | 3-92 |) ousie5 | 3:13 “roses | 8-05 | 7°-Stooee | 43 
13 | 674684 | 3- 1945058 | 1-12 |) ‘7a9626 | 5-05 |  ‘ar0374 
id | ‘erdo19 | 3-92 |] “osaooo | 1-28 || “toga | 5:05 | “dtoort | 46 
is | ‘ersiss | 3-93 || “otaga> | 1-18 || “eas | 5:07 | “Béorer | 45 
16 ‘erss00 | 3-92 || “oaasss | 113 || “Baosas | 5-03 | “Bootes | 4a 
1.67624 3-90 || ‘osares | 1-18 || ‘7p0g38 | 9-05 “Dooi6e | 43 
675859 | 8.5 1944718 | 1:13 || (7aiia1 | 5-05 | — “opse59 
ieee | | Ses | as | | ae | ag 
an Ih ae 1.13 || 731746 | 5-038 |  “pasen4 | 40 
21 | 9.676562 : i 7 
B2 | .676796 | 3-90 bererines bers Pfoaaal | 5-05 | 7°-B5tot0 | Be 
BS | 677080 | 35) || 8? | tg || <2 | Sion | 200847 | BF 
25 | 677498 | 3:99 || ‘oqgear | 1.18 “rsaeor | 5-03 | “pooraa | 38 
Be | Grrrl | ahs || Seta | rig || 78068 | So3 | «Rood | 
ag | .orsigr | 3:88 || 944036 | 1-18 range | 5-03 | “posess | Sp 
29 | 678430 | 3°88 |] -943967 15 || 1734463 | 5-02 | [965537 | 31 
0 | .678663 | 3-83 || g4seo9 | 1:13 |) “vaazea | 3-02 265236 | 30 
31 | 9.678895 | 9.943830 | |” 9.73 : 26498 
82 679128 B65: || geoaerol |. i “ranger | 5-02 | 7°-Seteas | bs 
83 .ro360 | 58% || 943003 1.18 || T7a5668 | 5-02 | ‘agasne | 27 
67 943 25 ||“ \va5969 | 8: 1264 
85 | .679824 | 3-87 | ‘oag555 | 1.15 Ae? | pcolk || PE Raaeee eae 
85 | .ovgsed | 5B; || 948005 | 115 || 736260) Boy |  -2oa7Bl | 25 
BE | 080056 | Sb || 248486 | 1-15 |] -736570 | B-p) | 26340 | 24 
Bs | Cegoeio || 8:85: || “egagay | at |] (Seger? | goa | veegeteo 1-88 
Be | eeorso |i 8x85 mo |. eed || Spend | Sooo || eee? ae 
3 3-8 || 943e7 37471 262529 | 21 
0 | .esosse | SBF || coase10 | 2-45 | “varia | 5-09 |  “ogaza9 
41 | 9.681213 | o.osstat | 27? | gcrasora | 2 | 40. 
42 | 661443 | 3.83 || “'ogsore | 1-15 || eaea7i | 5-00 361639 | 18 
43 | .681674 | 3-2 || 94s003 | 1-15 || lyases | 8-00 | 96 7 
a | Pe eetoos |) Bs baoves | bdD || CPR TP god, |) abe wees ae 
45 | loszias | 3-88 |) “oseea | LIT || Aegon | 5-00 | “dtore0 | 15 
48 |) -agonss | 883: || “Gieroe | tae |} Tevet | gow, || aeeanre | ap 
Ge | eassos || 83) || hasten | Jal || Sieaate | Gyod) |! Soganred | ee 
43 | i 680825 | 5155. || v= tie i 740169 [259831 | 12 
- 68305 942587 | 1. 740468 | 4-98 
51 | 9.083514 | 5, || 9.4208] 1" 9.74106 Or re ee 
52 | 683743 | 3-82 |) “‘o4gs7e | 1-17 taises | 4:98 | 7°:Besoss | 8 
BS] .683972 | 5°65 || .942308 | 1-17 || “7aige4 | 4-98 “258330 | 7 
54 | 684201 | 3: 942239 | 1-15 74 4.97 | “besos | 6 
BG | Lcageaess |) 8080; || dzenon |) Tae || Oiegewed IP ahog, |i aaa? | a8 
pr | Lesase7 | 8:82 || “gapo9 | 1:37 |] “Faerg | 498 | cSerraa | 
x 3°80 29 | 742858 | 4% 257142 | 8 
685115 941959 17 4.97 | 
Bp | 08583 8.80 || “paieso | 137 || “Fagea | 4:97 | “Soeeae | a 
: , 94181 i : ‘ : | 
60" | 9.685571 9.941819 | 1:17 || g'vazz5e | 4-97 | 10'256248 | OF 
118° Cosi G i " 61° 
8° Cosine. | D. 1". Sine. Dy Dott Tang. |62° 


Cotang. 


——— 
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29°) Sine. D1". | Cosine. | D. 1’. Tang. | D. 1%. | Cotang. 150° 
0”| 9.685571 || 9.941819 9.743752 10.256248 | 60” 
4| “2686700 | 3:80 |) loasrag | 23% || “cvagoso | 4-90 255950 | 59 
ee eee ee a: 
4| ‘essise | 3-99 || ‘941539 Pade || eveagoas | 408 “BBROB oe 
5 | .686709 | 3-48 || loata69 | 2: "745040 | 4: "254760 | 55 
3.78 4 1.18 4.97 +25 
#| cosries | 278 || ‘ousos) 122 |) ceases | 4-23 | “Sotto | Bs 
g) ey | Sap | MES) Fi | Hem] Es | Bae 
40 | es7e43 | 3-78 ‘gaitty | 1-12 v7ae7e6 | 4:95 ‘beaera | 
1 9 688060 pak 9.941046 ns scant es eocgpe: 
1 94102 9.747028 10.252077 | 49 
12 | 988205 3.77 || 940978 Fae || eovaveis |i 4205 “250681 | 48 
15|  essov2 | 3-75 || ‘940763 | 3-18 || izase00 | 4-93 |  lestvoi | 45 
16 | .690108 | 3-4" || ‘940603 | 3-12 || \c7as505 | 4-98 "251495 | 44 
i) oe | 35 | Mme a | Heo ae | Bue 8 
19 | -es9873 ; 3-72 || 940480 fac "749303 ee 5007 | 41 
20 | .690098 3.75 .940409 | 474g 749689 | 493 .250811 | 40 
g3| .600772 | 3-13 |) 940196 a6 ‘750576 | 4:92 ‘aoted | oe 
Be) aon | 375 || ‘amet | 125 || tener | 438 | eisss | 
9 “eotees | 3-73 ‘Soot | 1:18 fetzey | 4:22 pao48 | 8B 
98 | e9isoz | 3-73 g39g40 | 1-18 752052 | 4:92 247948 | 32 
a9 | 169215 | 3-2 || ‘osgveg | 1:20 || ‘vsesa7 | 4:02 | leaves | 81 
30 | 692339 | 3-73 || ‘osveor | 7-38 || -752642 yak 247358 | 30 
omen | or [ome] an | eer so | aes |g 
g) ae 52 | eel te | eee] ce | Beg 
a5 | 608453 | 3-79 || ‘o3o339 | 1:28 || lysatis | 4-93. | 1245885 | 25 
36 | 1693676 | 2/2 || ‘939967 | 1:20 || 754409 | 4:90 "245501 | 24 
37 | 693898 | 3-20 ‘939195 | 1:20 |) ‘754703 | 4:90 1945297 | 23 
38 | 694120 | 3-20 "939123 | 1-20 ‘754997 | 4:99 245003 | 92 
: 3.70 || -2 Haig’ ||) ores 4.90 : 
g9 | .694342 | 3-70 || lo3q052| 4:28 || lveseo1 | 4°55 "244709 | 21 
40 | ‘o45e4 | 3-79 || ‘oagoso | 7-29 || vos | 428 "244415 | 20 
41 | 9.694786 | 5 gg || 9.938908 | 1 99 || 9.755878 | 4 99 | 10.244122 | 19 
42 | .695007 | 3-65 || “‘o3es3e | 7:30 || 756172 | 4 "po 243898 | 18 
43 | .605220 | 3-29 || ‘oasves] 1:22 || :750405 | 4°65 "243535 | 17 
44 | ‘605450 | 3-68 || ‘938601 | t-35 || -756759! 4g8 "243241 | 16 
Ae ee eee ae 
47 | .606113 | 2-88 || ‘osat75| 1-20 | ‘rsveas| 4:88 |  ‘osa360 
3-68 |) “Sasson | 1:22 | ctergat | 488 |  “osp0co | 22 
re “oben, | 3-67 |] “gaa39 | 1-20 || ‘aseaos | 4-88 barre | i 
50 | 696775 | 3:8 || ‘g3ga5g| 1-20 || l7ss5i7 | 4-88 | “241483 | 10 
51 wantin pe 9.98818 aa “758810 oe 
938185 9. 10.241190 | 9 
Be | 697215 8.67" || (cgagits | 1:29 || ‘srsatoe 4-87 | "1240808 | 8 
Wald | 3° 8 : RT 4 40898 
eee eee ea 
5 | .c9vers | 2:87 |) ‘oazao5) 1-20 || ‘esg9v0 | 4:82 |  ceao0e1 | 5 
: 414 B36? anwar Ny Lite Smanmmo: |i 4608 pratt: 
56 | .698094 7 || ‘937822 760272 239728 | 4 
57 | ‘698313 | 3-63 193749 | 3-38 || (760564 pod "930436 | 3 
el ge | ie | eee] ie | mee) te | Best 
gor! 9.698970 | 3-8 || 9937581 | 1-23 || gi7e1439 | 4:85 | 10:288561 | 0” 
_ 119° Cosine. | D. 1’. Sine. D.1". || Cotang.! D.1". | Tang. 160° 
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30° Sin 
e. | D, 4» || Cosine. | D. 1° 
= — -1", || Tang. | D.1. | © | 
! To elie ee 1". | Cotang. 149° 
0’| 9.698970 esas 
1| .699189 | 3-65 9.937531 fer ee ae 
Bee cy, Se | res 1.22 || 9-761439 46 
3| ‘699626 | 3-65 1937385 | \1-22 161731 4.87 .238561 | 60’ 
4| ‘e99s44 | 3-63 “937312 | 1-22 . 762023 4,87 -238269 | 59 
5 | ‘700062 | 3-63 “937238 | 1.23 162314 4.85 237977 | 58 
6| ‘700280 | 3-63 “o3vies | 1-88 762008 4.87 237686 | 57 
7{ -700198 | 3-83 “937092 | 1-22 -7162897 4.85 237394 | 56 
8| ‘700716 | 3-8 ‘937019 | 2-22 "763188 | 4-85 237108 | 55 
9| :vo0933 | 3-62 “936046 | 2-22 "763479 | 4-85 236812 | 54 
10 | .701151 | 2-6 | teem ||| "ate 4.85 236521 | 58 
11 3.62 “936709 | 1-22 ‘764061 | 4:85 236230 | 52 
9.701368 ee ||; sreseoe | 4°Be 235039 | 51 
12 | .701585 | 3-62 9.936725 - as ees les 
43 | “yo1s02 | 3-62 “936652 | 1-22 9.764643 Fe 
14| ‘702019 | 3-88 “936578 | 2-23 -764983 4.83 235357 | 49 
15 | ‘702236 | 3-62 “936505 | 1-22 “75924 | 4-85 235067 | 48 
16 | ‘702452 | 3-60 “936431 | 1-28 765514 4.83 1234776 | 47 
17 | 702669 | 3-8 “og6asy7 | 1-23 “765805 | 4-85 : 6 | 46 
Bol waters || ey. Il Sageenr, ieee || Bengecas | Sree 234195 | 45 
49 | [703101 | 3-60 “936010 | 1-23 766285 4.83 233905 | 44 
20 | ‘703317 | 3-80 “936136 | 2-23 (66675 4.83 233615 | 43 
21 3.60 “936062 | 1-23 “766965 | 4-88 233325 | 42 
re Daca toa, || cexorens | fume 7233035 | 41 
2 | 703749 | 3-60 9.935988 Pa 4.83 232745 | 40 
Be eee: |, See I eee, 1.23 || 9.767545 Ns 
24) .704179 3.58 “o35¢40 | 1-28 767834 4.82 232455 | 39 
25 | ‘704395 | 3-60 “935766 | 2-23 vesi24 | 4-88 "239166 | 38 
26 | .704610 3.58 “935692 | 1-23 768414 4.83 .231876 | 37 
BM Penren tiene ill Sreeeeis Tos. tf eteBms | geek 1231586 | 36 
Be i cteocse | ete ill econ 155. || :ozegage | 2582 1931297 | 35 
Bt ericroes (i DSM | Seceere eg. || (ieapant | 4e8e 231008 | 34 
Bo | evocsey || BeOS) Il gees og. || cageeaat |. Zee "230719 | 33 
31 | 9.705 3.57 °935320 | 1-25 “769860 | 4-82 230429 | 32 
Ag i iran, |) wequeias |) abee 1230140 | 31 
Cees || See Hees i aes | 
33 | lose | 3-52 eeeeee |) Weebr it See A 
34| 706326 | 3:57 “935097 | 1-23 ‘wnqzog | 4.82 0.229568 | 29 
35 | “706539 | 3-55 “935022 | 1-25 ‘771015 | 4:82 229974 | 98 
36} “706753 | 3-97 | “gsuers 1-25 |) si30a | 4:80 | “doscor | 36 
37 | ‘706967 | 3-57 “934973 | 1-25 “wep5gg | 4-82 2298697 | 98 
Ba astarsco || S05 || fae tioet lt scumaeeo: | eee "208408 | 25 
Ge hme trans: || Sieee ll Weare ‘ioe || caemetes | Ze. 7298120 | 24 
40| 707606 | 3-52 “934649 | 1-23 “772457 | 4-82 227832 | 23 
41 3.55 “g3a574 | 1-25 ‘wrongs | 4.80 1227543 | 92 
9.707819 ioe. || seems), geen "997255 | 2 
BS ae eonns |) Se || ees : 7 Be 1 
43 mg : : 9.77 -80 7226967 | 20 
708245 3.55 934424 1.25 773321 
44 | “7oga5g | 3-95 “934349 | 1-25 ‘eageog | 4:78 10.226679 | 19 
45 | ‘708670 | 2:23 "934a74 | 1-25 “wa3g9¢ | 4-80 "226392 | 18 
Me \ szroceag || e080 ||| Hees Foe. it Weieled: | pene "226104 | 17 
47 | ‘709094 | 3-58 “934123 | 1-2¢ ‘wragvy | 4:78 225816 | 16 
48 | .709306 353. || .934048 | 2-25 ‘rvansg | 4:80 "205599 | 15 
Ff “709518 | 3-53 “933973 | 21-25 “wasogg | 408 "9p5241 | 44 
D | Sebogzeo || 8580 |} {BSNS ios. ||) aeteees | ae 1924954 | 13 
81 | 9.70994 3.52 "933822 | 1-27 775621 4.80 Bae 12 
Be | siripiss || 8:68- || 9. 8880r i35 |] -775008 | 448 a |e 
oH “710364 | 3-52 oaner Vodkete eee : : 10 
5 “10575 | 3-52 “933596 | 1-29 “areage | 4-78 0.228805 | 9 
55] 710786 359. || 933620 | 1-27 “ver6g | 4:07 "293518 | 8 
6 | scrioopy |. 8:52: || Seeee tae lll eereONe, | "anes 1223232 | 7 
52 | 711208 3.50. || .933369 | 2-22 Tee i aeer | Meee | te 
b8 | 711419 85a. || 933208 | 2-20 “yrr6g8 | 4:77 222658 | 5 
9.) 711629 eco. || weseselz | teat rye Wames |) beens bes 
9.711839 | 3-50 “93314 | 1-27 “w@gooi | 4-77 222085 | 3 
| 9.933066 | 1-25 ‘7rsags | 4:48 221799 | 2 
120° Cosine. | D, 1° g.77s774 | 4:77 221512 | 1 
=: 4 Sine. ro 10.221226 | o¢ 
pe dee Cotang. | D. 1" eG Be 
2 Ba Sct Tang. 59° 





ee . 
s Tee RE om Ce Rai 
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31°] Sine, 
0 | 9.711889 
1 712050 
2 712260 
3 712469 
4 712679 
5 712889 
6 713098 
7 713308 
8 718517 
9 718726 
10 713935 
di | 9.714144 
12 714352 
13 714561 
14 . 714769 
a5 714978 
16 -715186 
7 - 715394 
18 - 715602 
19 - 715809 
20 - 716017 
21 | 9.716224 
22 -716432 
23 - 716689 
24 . 716846 
25 .717058 
26 717259 
27 717466 
28 717673 
29 T1787 
36 -718085 
31 | 9.718291 
2, - 718497 
33 - 718703 
384 .718909 
85 719114 
36 719320 
37 719525 
88 -719730 
39 7199385 
40 - 720140 
41 | 9.720345 
42 720549 
43 720754 
44] .'720958 
45 -'721162 
46 721366 
47 721570 
48 121774 
49 721978 
50) .722181 
51 | 9.722885 
52 - 722588 
53 | .'722791 
54 722994 
55 723197 
56} 723400 
57 -'723603 
58 «723805 
5! 724007 
60 | 9.724210 
121° Cosine. 








Didt. 





GEILVEDODL9CoEDLD EHEDEDDEDEDEED GED HOEOEOEEDEOEDED EHC BOD GEE ENEY.EDEY —G9O9~E9.G Ore GoEY.ED.E9 LO GH EY U9 G9 LY.G0 68 LD.E0 O9 
SSSISSLS8R SSSSSSSSESS HHSHSEHSESS GESKSSERES GRESSSSESGR GEGSSHESSESS 





o 
ns 














Cosine. 


9.933066 


-932990 
982914 
-982838 
982762 


9.931460 
- 931383 
981806 
931229 
931152 
931075 
-930998 
930921 
930843 
930766 


9.930688 


-980145 
-930067 
.929989 


9.929911 
929833 
929755 
929677 
929599 
929521 
929442 
- 929364 
929286 
929207 


9.929129 
- 929050 
928972 





D. 1". 





1.30 

















Tang, 


9.778774 


- 779060 
- 779346 
- 779632 
779918 
- 780208 
-'780489 
(80775 
- 781060 
- 781346 
- (81631 


9.781916 
-782201 
- 782486 
B82771 
- (88056 
(88341 
- 783626 
-(83910 
(84195 
(84479 


9.784764 
- 785048 
«(85332 
- 785616 
- 785900 
786184 
. 786468 
(86752 
- 787036 
. 787819 


9.787603 
- 787886 
. (88170 
- 788453 
. 788786 
- 789019 
«789302 
«789585 
. 789868 
790151 


9.790434 
. 790716 
«790999 
-791281 
«791568 
- 791846 
792128 
. 792410 
«792692 
792974 


9.798256 
798538 
-798819 
794101 
.794383 
-794664 
794946 
795227 
-795508 

9.795789 


Dik. 


AAAAAA AAA AA AAA AA AAA AAAA AAA AAA ARRAAAADAD PAAR AAR RAD QRARAR ARR OD 


D> WIR YIHR Wig ssw 





RIWAIAIWR+ 
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72 


BDBODOSCBDOS SOOCcCowoo 





Cotang. | D. 1". 





| 
Cotang, 148° 


10.221226 | 60 
220940 | 59 
220654 | 58 
220368 | 57 
220082 | 56 
219797 | 55 
-219511 | 54 
+219225 | 53 
-218940 | 52 
-218654 | 51 
218369 | 50 


10.218084 | 49 
217799 | 48 
217514 | 47 


10.215236 | 39 
214952 | 38 
-214668 | 37 
-214384 | 36 
-214100 | 35 
218816 | 34 
218532 | 33 
+218248 | 32 
212964 | 31 
-212681 | 380 


10.2123897 | 29 
-212114 | 28 
-211830 | 27 
-211547 | 26 
211264 | 25 
-210981 | 24 
-210698 | 23 
-210415 | 22 
-210132 | 21 
-209849 | 20 


10.209566 | 19 


:207026 
10.206744 
1206462 
+206181 
{205899 


) 
S 
or 
D> 
= 
2 
ED 
CHW OROTRMIDWO © 
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5B 
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a 
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=r Sine. D,.1". || Cosine. | D. 1’. Tang. | D.1". | Cotang. 147° 
o’| 9.724210 9.928420 9.795789 eB 
iiaet| 2e (eae |e oe |aees |e 
; 3.37 ‘ 1.33 (96351 | -203649 | 58 
3} 1724816 ‘928183 | 1- 796632 | 4-68 
3.35 alae ||| 2Moebes -203368 | 57 
4| 2725017 928104 | 2- 796913 | 4-88 
2 3.87 1.32 oeo18 .203087 | 56 
5 | .725219 928025 ro7i94 | 4-88 
6| .725420 | 3-35 goo? | “aege || eeeetea| | hay | || Semenen0e BS 
7! l7a5622 | 3.37 | ese | eee des +202526 | 54 
8) fash) $8 | ger) 188 || tog | £98 | artes | 82 
72602 : 927708 | 1-32 || [7988 : : 
3.35 -798316 : 
x ‘rge225 | 3-3 |] lozveza | 1-82 || Tos596 | 4-62 “201404 | b0 
9.726426 9.927549 | 5 9.798877 | 
12 | 726626 3.93 | “coaraz0 | 1-82 |! “cropisy | 4-67 50088 | 48 
14 “ravor | 3-33 “O3rs10 1.2 Tope aor | oeemeed hg? 
5| 1727228 | 3: 7 : “* 4. 
16 | 2727428 | 3-33 eieal| ee ll eee dey | -200003 | 45 
17'| 1727628 | 3-33 Serort | eee ll epee odoey ||| Spmaeeces ted 
13 | “7erees | 3-83 || loasoot | 1:33 |] “eooas6 | 4-85 | costes | 33 
19 | 728027 | 3-32 goroit | 2683 il egpeal| eer -199164 | 42 
Bose] eS, SBmhlee 1:33 || -801116 198884 
20 | 728227 | 3°33 926831 | 7°33 || 801806 | 7:82 “to8eo4 | 4 
21 | 9.728427 | 5 a5 || 9.926751 | 4 9, || 9.801675 a | Mauer 
Zap vec ed (BE COB ligarse 1 ilk Bono gO “19804 | 88 
. 9) : : 5 5 “ 3 
Br antacond|| 28082 theses |, wees || PebEaEes ae | t197z66 | 37 
35 | 7a | 3-82 || “oogaat | 2-88 |] sBoset8 | a'es | -197487 | 86 
26 | 1729492 | 3-82 “906351 | 2-38 eB ee | a ae :197208 | 35 
37 | “age | 3-82 || “ooeorg | 4.85 |] “880%? | 465 -196928 | 34 
28 | 2720820 | 3-82 996190 1-83 ||} “Sppeny | 4.85 :196649 | 33 
29 | 730018 | 3-30 “996110 | 1-38 -803630 | 4 gs -196370 | 32 
30 | ‘730217 | 3-32 || ‘ozcoz9 | 1.35 Spier | 4.68. | Sceapeoel Bt 
: 133. || 804187 |g" 1195813 
31 | 9.730415 | 3 a) || 9.925949 | | 9.904460 | J 10.1955 ‘a 
82 | .730613 | 3-2) |] .925g68 | 1-35 g04745 | 4-65 eunooee (20 
83} .730811 | 3° 925788 | 2-33 || *g05 4.63 -195255 | 28 
34 | 731009 | 3-30 “oosvo7 | 1.38 as 5023 | 4 es .194977 | 97 
35 | rz | 2-28 || “oaso5 | 1:35 || “Soesen | 4-68 -194698 | 26 
36 | ‘aided | 8-80 || ‘opssis | 1.85 || “Bopecg | 4.65 |  +194420 | 25 
37 | ‘7ai602 | 8-80 || “ooeags | 1.88 |] -805859 | 4'g3 | 104141 | 24 
38 | i73i799 | 3-28 || ‘oossad | 1-35 || “goers | 4-68 |  -183863 | 28 
39 731996 3.28 925303 1.35 . 415 4 63 -193585 | 22 
40 | .7s2t93 | 3-33 || ‘oaseee om ae 4.68 geo” fe 
. . ‘ be 6 
41 | 9.732390 2 : dB || Ueiebde020. 1.20 
42 | craeser | 2-28 |] Seo | 1-85 || SBI) 4.3 | 20-192051 | 19 
43 | 1739784 | 3-28 || ‘gosorg | 1.35 || -S085°7 | agg | -192473 | 18 
44 | .7azc80 | 3-27 || “goaggr | 1:37 || *80805 ) gigs | 192195 | 17 
45 | l7aai77'| 3-28 || “ooaeig | 1-85 |] 7878088 | 465 .191917 | 16 
46 | 1733373 | 3-27 || “gogegs | 1-35 || 808861 | g'go | 191639 | 15 
47 | 733569 | 3-27 || cgoapsa | 1.85 |] -B08688 ) grgs | 191862 | 14 
48 | 1733765 | 3-27 Godsra!| ChB? j|[eegeeela!| rales .191084 | 13 
2) (orange, | 8.80 |e eeiee | on.9b. ||P ieaoelos | oa" :190807 | 12 
bo | vrasisr | 3-27 || ‘Souiog | 1-37 |] -eoe 463 | l190529 | 11 
Pi lisraiace | Oe" 1135 || -809748] 2-8 | !190252 | 10 
bo | craaeag | 3-27 || 9224828 | 4 97 |] 9.810025 | 4 go | 10.180075 | 9 
B3| craaraa| 3:25 |! Gotiga | 1.97 || <gi0S93 |) 2.63 | -190698| 8 
54 734939 3 : > 924083 1.35 Pca 4.62 - 189420 Ve 
55 | 735185 | 3-27 |) ‘apaoot | 1.37 ete | ee 1189143 | 6 
B6 | ‘735330 | 2:25 || ‘gosoro | 1-87 || “eiag | 4.60 | 288866) 5 
B7 | 735525 | 3:25 || ‘opsgs7 | 1.37 B11410 | 4.62 | -188590 | 4 
58} 735719 | 3°95 || .928755 1,97 | |poreireet | alee .188313 | 3 
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33°) Sine. 
0' | 9.726109 
1 7363803 
2 . 736498 
3 - 736692 
4 . 736886 
5 . 737080 
6 87274 
q . 137467 
8 . 137661 
9 . T37855 
10 738048 
11 | 9.738241 
12 Lt 
13 «738627 
14 . 738820 
15 .739013 
16 - 739206 
17 . 789398 
18 - 739590 
19 - 739783 
20 - 789975 
21 | 9.740167 
22 - 740359 
22 - 740550 
24 - 740742 
25 . 740934 
26 «741125 
27 . 741316 
28 - 741508 
29 . 741699 
30 . 741889 
31 | 9.742080 
32 742271 
33 - 742462 
84 - 742652 
35 bie 
36 . 743033 
37 - 743223 
38 - 743413 
39 - 743602 
40 - 743792 
41 | 9.743982 
42 T4471 
43 - 744361 
44 . 744550 
45 - 744739 
46 - 744928 
47 . 745117 
48 - 7453806 
49 - 745494 
50 - 745683 
51 | 9.745871 
52 .746060 
53 - 746248 
54 - 746436 
BS - 746624 
56 - 746812 
57 - 746999 
58 - TAT187 
59 - T47B74 
60’ | 9.747562 








123° Cosine. 





Ds 


aaSSaS SSSSSENREN RERERVERSRS 


~w 


Re eee 
NN TTNIDWRNWDWO D-I0DO 


CIW OL WOT CLOTOLoT or oF 


LOGI OD COCO GCI CDCI WIC ODOI COMIC WD OIODCDOD ODED CODCOD WWI CIO CODED CDCICDEDODOD CD69 9 OD OD 69 9 CD 09 09 O9 
SN So at Nga ine arcana RO ba AOC Sp Bett pec pac Abe ter ed eran ne See ended Sa 














Cosine. 


9.923591 


928509 
923427 
923345 
- 923263 


1922768 


9.922686 
-922603 
922520 
- 922438 
922355 
922272 
-922189 
-922106 
. 922023 
921940 


9.921857 
921774 
- 921691 
- 921607 
921524 
-921441 
921857 
921274 
.921190 
-921107 


9.921023 
- 920939 
- 920856 
920772 
- 920688 
- 920604 
- 920520 
-920436 
- 920352 
- 920268 


9.920184 
920099 
920015 
-919931 
-919846 
-919762 
-919677 
-919593 
919508 
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«919254 
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9.812517 


812794 
-813070 


9.815555 
815831 
-816107 
816382 
816658 
816933 
817209 
817484 
817759 
818035 

9.818310 
818585 
-818860 
-819135 
819410 
-819684 
819959 
-820234 
820508 
820783 


9.821057 
821832 
821606 
-821880 
-822154 
«822429 
-822703 
822977 
-823251 
823524 


9.823798 
-824072 
824845 
824619 
824893 
825166 
825489 
825713 
825986 
826259 


9.826532 
-826805 
827078 
827351 
827624 
827897 
828170 
828442 
828715 

9.828987 
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10.181690 | 89 
-181415 | 38 


"179217 | 380 


10.178943 | 29 
-178668 | 28 
178394 | 27 
-178120 | 26 
-177846 | 25 


-176476 | 20 


10.176202 | 19 
175928 | 18 


178741 | 10 
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178195 
172922 
172649 
172376 
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171558 
171285 
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34° Sine. D. 1". Cosine. | D. 1". Tang. | D.1". | Cotang. Lage 
0’) 9.747562 9.918574 9.828987 10.171018 
1 ari49 Ae “O18489 4 1.42 || 1829260 a8 170740 55 
4| 1748310 | 3-22 || ‘918033 | 1-42 || ‘e30077 | 4-38 “Top0e8 | be 
5 | iragio7 | 3-22 || “orstar | 1-43 |] ‘e30ga9 | 4-58 oes | ee 
6| .748683 | 3-29 || ‘oxg062 | 1-42 || ‘e306e1 | 4-23 “160879 | ba 
7 | ‘74ss70 | 3-22 || lorzove | 1-43 || ‘egogo3 | 4:53 “T0107 | B83 
g| .749056 | 3-29 || ‘or7go1 | 1-42 || ‘e3z165 | 4-38 “168885 | be 
9 | .749243 | 3-12 || “orreos | 1-43 | “egiagy | 4-58 “68563 | bi 
10 | 749420 | 3-19 || ‘oizri9 | 1-28 831709 4:33 | l168201 3) 
21 | 9.749615 | a 9.917634 | | 9.831981 | , 10.16801 
12| .749801 | 3-19 || “‘or754g | 1-43 |] ~7g30053 | 4-53 sere? | 48 
13 | 749087 B20 || “soonrase || 228 |t-ongieean tl gape 467475 | 47 
15 | feos | $28 | ‘oreo | 3-48 | “Sisoms | 483 | ciesone | 4s 
1505 5 ng ; ‘ : 
| age | a | cee | Ha | cape |G | ge 
48 | .750914 | 3-98 |) “orvo32 | 1-48 “933882 | 4-52 eens |e 
19| .751099 | 3-08 || ‘oreose | 1-43 || ‘epaina | 4-53 “tose | at 
20 | .751284| 3-08 || ‘o1esso | 1-48 || ‘834425 a "165575 | 40 
21 | 9.751469 9.916773 | _ 9.934696 | , BE 
2 | 1GD4 He 916687 1.43 || cesae7 | 4-52 Ose 88 
24| (752023 | 3-07 siesta | 1-43 || “egpson | 4-52 grea | 
95 | [752208 | 3-08 916427 | 1-45 |) “gas7go | 4-52 ee 
26 75202 | 8.07 oiea4i | 1-43 836051 | 4-82 “16809 | a 
“752576 | 23> 916254 | }- 1836322 | 4: "16367 
Bl eeceoee. || S20 Tas || SABO |) aug | PaaOIIe 1 eS 
a9 | ‘tsa0ad | 3-07 || “roost | 3-43 || cesoeoa | 4:52 | ciest36 | 3 
Bo | 75204 | Bor || -2 143 || ssesed | 4-52 "163136 | 31 
See | eo | © ison | 1-25 || -cearas4 | 7-22 "162866 | 30 
15 9.915907 9.887405 | 4 595 | 
a2 | 753495 8-05 || :o15g20 | 1-45 || “‘aszers | 4-59 70-102328 | 28 
34| 1753862 pe “Sipeae | 1-45 “Sages | 4-00 “Teizea | 26 
ge mene || orOt [bcs gis: || “seeeet® || aig. | Soeetes Y 
85 | 754048 | 5-05 || -o1s850 | 7-45 |) -sasisr | 4-5 "161513 , 25 
6) -Toawe9 | gos || -a15ere | I-35 || sseBrer | 23) "161243 | 24 
ag | 754505 | $05 || ‘oisao7 | 1.42 resozor | 4-50 | “igor03 | be 
89 | 154778 | 3°93 || 915210 | 7-45 |) 839568 ape |. laeo4se | 2 
Pe |) sco, | 5 177 || -939eas | 4-72 "160162 | 20 
9.915035 : 
42 | 755326 | 3-95 |] °-orzoas | 1.45. || Sagara | 4-50. | TOTES | 78 
43| (755508 | 3-98 914860 | 1-47 840648 | 4:50 tors tr 
44) 755600 ge || 91ers vee ‘faosr7 | 4-48 159088 | 16 
‘755872 | 3: , : 4.50 -159083 | 
45 | 75872 | 3°93 |] 914085 | Tap “841187 | 4°59 1158813 | 15 
ar | 75e2n6 | 3-08 || “gantg | 1-47. Il Segtane || 4.50; | oteeess | ae 
48 756418 3.03 "jig || ee rece 4.48 158273 | 13 
49 "756600 3.03 ‘sie | eae ; 96 4.50 -158004 | 12 
50 m6 3.03 : 1.47 -842266 .157734 | 11 
756782 .914246 : 842535 4.48 e 
1 | 9.750008 | 3° ee aes |i ee \lapdaren | oe 
51 | 9.756968} 5 oq |] 9.914158 | 4 yr |] 9.849805 | 4 gq | 10.137195 | 9 
2 | .7Brid4 | 3°93 |] 914070 | 147 |] sisora | 448 156926 
Bt | 757507 gon || .staeoa | 1-47 rsisois | 448 | “tbe386 | 6 
ce : ae | 4.50 : | 
56 | 75700 | 3-02 || “giasg | 1.47 Sane | 448 eons | 
57 | 7758050 | 3-92 || ‘orsg3o | 1-47 |] “Ridgoy | 4-48 te | oe A 
58 | 758280 Doe. || oatear | Eel “suuoso | 4-48 ies | 2 
758411 | 3° .913453 | 1-47 “g44959 | 4-48 pe 
60'| 9.7585 3.00 1.47 844958 . 155042 1 
GO| 9.758501 | °N° |] 9.918865, 9.845227 4.48 | 101154773 | oO 
124° Cosine. | D. 1". Sine. D. 1°. || Cotang. | D. 1” Tang. 55< 
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Sine. 


9.758591 
T8772 
758952 
“759132 
759312 


760211 
- 760390 


9.760569 
- 760748 
- 760927 
761106 
- 761285 
- 761464 
-761642 
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9.918365 
918276 
-913187 
918099 
-918010 
912922 
912833 
912744 
912655 
912566 
912477 


9.912388 
«912299 
-912210 
912121 
- 9120381 
911942 
-911853 
-911763 
911674 
-911584 


9.911495 
-911405 
-911315 


9.910596 
-910506 
- 910415 
-910825 
-910285 
-910144 
910054 


9.909691 
909601 
-909510 


9.908781 
908690 
. 908599 


9.907958 


Sine. 
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9.845227 
845496 
845764 
846033 
846302 
84657 
-846839 
-847108 
847376 
847644 





847913 


9.848181 
848449 
-848717 
-848986 
849254 
849522 
-849790 
850057 
850325 
850593 


9.850861 
-851129 
851396 
-851664 
851931 
852199 
852466 
-852733 
853001 
853268 


9.853535 
853802 
854069 
854336 
854603 
854870 
855187 
855404 
-855671 
855938 


9.861261 
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154504 | 59 
154236 | 58 
153967 | 57 
- 153698 | 56 
-153430 | 55 
-153161 | 54 
152892 | 53 
152624 | 52 
152356 | 51 
152087 | 50 


10.151819 | 49 
-151551 | 48 
151283 | 47 
-151014 | 46 
-150746 | 45 
150478 | 44 
-150210 | 43 
-149943 | 42 
149675 | 41 
.149407 | 40 


10.149139 | 39 
-148871 | 38 
-148604 | 37 
- 148336 | 36 
148069 | 35 
-147801 | 34 
- 147534 | 33 
147267 | 82 
-146999 | 31 
-146732 | 30 


10.146465 | 29 
-146198 | 28 
-145931 | 27 
145664 | 26 
145397 | 25 
145180 | 24 
-144863 | 23 
144596 | 22 
144829 | 21 
-144062 | 20 


10.148796 | 19 
143529 | 18 
148263 | 17 
-142996 | 16 
-142730 | 15 
-142463 | 14 
-142197 | 13 
-141931 | 12 
141664 | 11 
.141898 | 10 


10.141182 
140866 
140600 
140334 
140068 
1389802 
. 189536 
189270 

. 189005 
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36° Sine. | D. 1°. || Cosine. | D. 1". Tang. | D. 1", | Cotang. 149° 
—|-———q—_— cx | i. 
0’| 9.769219 9.907958 9.861261 
1 | 700303 2.90: |) “Tg07g66 R153 |! ‘sei527 | 4-43 70. Tsir8 | 59. 
Aff : Yue +O 38175 4 * 
@| 769566 | D199 |) DUNES | y'sa |) “CONE | 4.48: | -TBoowe | oF 
4| :760013| 2-88 || “ooiso0 | 1-53 || ‘ee23e3| 4:48 med |e 
5 770087 2.90 “90% 1.53 aa ete 4.43 .137677 | 56 
5) 770087 | o/ap) | “BOM | ina: || “Boones | 44201 Sttaas | Be 
7| <ro433 | 2:88 || ‘oozai4 | 4:33 Soong | 4:42 | 736861 | BB 
8| ‘70606 | 2-88 || ‘oomee | 1-33 || ceoaaes | 4-48 eke 
iB] Tove | a'88 |) 908829 | 1755 963650 | 442 | 1136350 | Bi 
eis go2| 2-88 || ‘oovosy | 3:83. || -863015 | 445 | 136085 | 50 
9.771125 9.906045] 4 9.864180 | 4 
ip | “sie | 288 | mss | 185 | sia | 48 70. Taabo8 | 48 
- ; 9067 “3 || igea7i0 | 4° 35290 | 47 
14 - 771643 2.88 906667 1555 86497 4.42 -185 47 
1) MUS | 2-87 || “Soeoes | 1-53. |) ceseuo | 4-42 | “1bac00 | 45 
ie | ‘“vr1987 | 2-87. || “ooeage | 1-55 Sad 4.42 1134760 | 45 
17| ‘7ais9 | 2-87 || “906389 | 1-55 ae | se .134495 | 44 
18 | iyesai | | 2°82! |) 1155. || 805770 | Guo | 184230 | 48 
i9 | <779503 | 28% 30620 1.53 ORS it 4 sae -133965 | 42 
20 | crzae7s | 2-82" || 908 1.55; ||, 886800 | 4%4 1133700 | 41 
a Bie 2-87 || 106111 | 7:22. || <esese4 | 4-29 | .138436 | 40 
T2847 9.906018 | 4 9.86682 ; 7 
| °raois | 285! || "sos | $58 || “sonoot | 4-48. | sda | 88 
B) ou) de | Seah ce | eae te | ee | 8 
«773533 : 905645 : “gerser | 4-40 7 £ 
26 | ‘773704 | 2:85 || “oos552 | 2:55 ||: 7887 | 449 1132113 | 35 
28 r74046 | 2:88 Seen mimeo ll ees rin “131584 | 83 
vaee c ry v xi . 
ad ses 2.85 ee peg toed a 1131055 a 
st | 9.rz45s8| =o. || 9.905005 | +". || o.seoars | 44> -180791 | 30 
By | Datars || 2068" || rears | 1Bat. || Sieeeeem | amos] Eabe een lice 
S| Theeaaee | 2ee8t- ||! Geeeees | tuoRe | Beewuet | agaog| | ESRD | ee 
84] ‘775070] 2:8 || “ooagoa | 1-57 eee |) eae -129999 | 27 
Bs'| tevcgey \( 2reee | recaey | oTOSES Ill eheweees NiO! | Eaeeaaee ge 
Be} Gbreetyo. | v2e83b lil Gi amamer. (MOTE {ll Steumene deo 1120471 | 25 
Be | eleresen | 1 2088" || sagranos | LUBZI dl! foam 1 AbaO .129207 | 24 
Ge | slogerco | etest: lh argegtes |, LNSZE UI Geaenees |)) aeaos!| | Baueeee [ues 
5 | Coreen | 288 Ill Pegamee Hi MOT! | geeeeens | ded 1128679 | 22 
40 776090 2.83 : 1.57 871585 i 128415 | 21 
: 1g || -904%41 ) 75° s7isdg9 | 4-40 ee 
41 PaRon : 185% 4.38 ~1281E1 | 20 
41 | 9.776250) 9 93 || 9-904147 | 4 57 || 9-S72it2 40.127888 
aa | Bipeeee |p 2eee” || pees |) tee | ree 4.40 | 19-4 37604 | 18 
44| <resres | 2-83 soe iit lees! Il) eemeene aya: || 309@9860 | 
45| ‘776037 | 2:82 || ‘oo3770 | 1-57 872903 | 474q |  -127097 | 16| 
47| vrrrors | 282° || Zegaeay |). BSE ||) eemese? | auto 1126570 | 14 
48 | i7rv44a| 2-82 |) ‘oogagy | 1-57 -873694 | 4°38 1126306 | 13 
49} ‘777613 | 2-82 Gees: itv nOS! || meses | ate 126043 | 12 
60] 777s | 2:80 || 90208 | 1:92 Se ||) ae 125780 | 11 
51 | 9.777950 | 5 5 || 9.903208 ne 4.38 125516 | 10 
a | Soppeiio | | 2082" || Sojeins || 1e8et || Sears asene|| Eee 
BB | 78287 2.80 |) oon | 1-52 erore | eae 124990 | 8 
Be | | AiRH55 | igo || 902019 1.58 | “erssay | 4-40 eee 
BB) 778024) 2180 || = 902824 Bat |] deeren, 1 4088S!) alton | ap 
6) T7892 | Se |] 902720 1.58 | gre063 | 4.38 A a 
Br | 778060 | 3 q) || 902684 | ip |] ‘876826 | 4°38 Seta | os 
gi] rome | 3-23 || ctos| 198 || See) as | es] Gf 
63 | 2: 1.58 76 (123148 | 1 
po as a ea 9.sr7ii4 | 4-37 | 19/122886 | 0° 
osine. | D. 1’ ; Stl (a Set ee 
1 Sine. | D. 1°. 1! Cotang. ! D. 1", Tang. |53° 
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COSINES, 
379 Sine. | D.1". 
0’| 9.779463 
1| 1779631 | 2-80 
pee 2.78 
2 . 779798 2°80 
8| .779966 | S778 
4} .780133 | 9°18 
5 | .780300 | $*re 
6 | .780467 | 3°58 
7| .780634) $"58 
S| .780801 | $"ng 
9| .780968 | "hy 
‘ Boritct ee 
oe 
12 | isises | 3-78 
13} .781634 | S"70 
14 | 781800 | $747 
15 | .781966 | 5"he 
16 | .782132 ony 
17 | 782298 | S"hy 
18 | .782464 | S'hn 
19 | .782630 | 9h 
20 | .782796 | 3 ns 
21 | 9.782961 | 9 my 
22) .788127 | 9+ 
23 | . 788292 | O77 
24 | 783458 | "25 
25 | .783623 | Sine 
26 | .783788 2.95 
27 | 783053 | 542 
28 | .784118 273 
29 | .784282 | Sos 
a2 | rete | 3-73 
83 | 784941 | 3 'c3 
84 | .785105 3.73 
35 | .785269 | ons 
86 | 785433 | 515 
87 | 785597 | $743 
88 | .785761 373 
89 | .785925 | S13 
Dives: | °° 
9. 5 
42| “786416 2.73 
43 | .786579 | $'n9 
44) 186742 | O73 
45 | .786906 | 5'n9 
46 | 787069 | $775 
47 | 787232 | S75 
48 | 787395 | 9°19 
49 | 787557 | $ "np 
a a. 2-72 
9.787883 
Be | 798045 | 2-70 
53 | .788208 | $79 
54] .788870 | 5'n9 
55 | .788532 | 579 
56 | .788694 | $'n9 
BY | .788856 | 5 'n9 
58 | .789018 | 'x9 
59 | .789180 | §'x9 
60’| 9.789342 Y 
127° Cosine. | D 1”. 


a erenes«,«-:/‘«"_«, il 





Cosine, 


9.902349 
- 902258 
-902158 
- 902063 
-901967 
901872 
901775 
901681 
901585 
901490 
- 901894 


900433 
9.900337 
900240 
-900144 
900047 
-899951 
899854 
899757 
.899660 
899564 
899467 


9.899370 
899273 
-899176 
899078 
898981 


9.898397 
898299 
898202 
898104 
898006 
897908 
897810 
897712 
897614 
-897516 


9.897418 
897320 


9.896532 








Sine. 


Dias 





Pe ee eR ep et 
cw) 

















Tang. 


9.877114 


877377 
877640 
877908 
878165 
878428 
878691 
878953 
879216 
879478 
879741 


9.880003 
880265 
880528 
.880790 
-881052 


-886026 
- 886288 
886549 
886811 
887072 
887333 
887594 


9.887855 
888116 


9.890465 
890725 
-890986 
891247 
891507 
891768 
892028 
892289 
892549 
9.892810 


Cotang. 


DIA 


ALARAAADA PAPA AAAAAL AAAAP ARSED PPARAR ARES FARRAR AAD PREP AAR ER RD 
RYRGLKKKY RRRRSRKRYR KRRRRLRSRRY SHSRKSSRAES SARVBRAAsS RYRSISSISSS 





D. 1". 





10, 122886 

















Cotang. 142° 


- 122623 
«122360 
122097 
121835 


1117637 


10.117375 
117113 
116852 
116590 
116328 


10.114758 
114496 
114235 
118974 
113712 
118451 


SRNBRRRNVS SLBSRASRSS SASEEES 8 sagaeassese | 


10.112145 | 19 
111884 | 18 
-111622 | 17 
-111861 | 16 
-111100 | 15 
-110839 | 14 
110579 | 18 
.110318 | 12 
-110057 | 11 
-109796 | 10 


10. 109585 
109275 
109014 
. 108753 
108493 
- 108232 
107972 
107711 
107451 

10.107190 


Tang. 





a 
be 
e@ 
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an 


















































| 
” . ce} 
38° Sine. D. 1", Cosine. | D. 1’. Tang. D. 1". | Cotang. 141 
A se (eal 10.107190 | 60! 
O°) 9.75238) | ouzon ||) CMe ieee 9 eeao70 | 4:83 “106930 | 59 
1) ees | 2-68 || “goeaa5 [1-63 |] “bo3aa1 | 4-38 "106669 | 58 
2 .789665 2.70 8 ao 1.65 ret 4.33 106409 | 57 
2) gi 896236 2 893591 33 : 
S| eas | 2-68: || “soeia7 | 1-85 893851 | 4 "106149 | 56 
4| .7so9s8 | 2-68 || .89 fepee Ait 4.33 ape) | ae 
| ‘790149 | 2: 896038 ‘eoditt | 4°33 : 
5 resto | 2°68 || “go5939 | 1-85 || “aoagm | 4- "105628 | 54 
BY Sy? || eis il aoe 1.65 || "g94632 | 4:38 105368 | 53 
7 | (790471 | 2 "905840 | 365 | ‘so46s2 | 4-33 : 
2.68 go5741 | 2-85 || ‘gg4gq2 7105108 | 52 
B | eens || ase : 1.67 || “ggsi5e | 4:33 104848 | 51 
9 790793 905641 | 1-67 1805152 | 4:33 : 
10 | ‘7o0054 | 2-68 || ‘eossa2 | 7-62 | 895412 | 4733 | -104588 | 50 
i 8 | 49 
9.895443 9.895672 10.10432 
Be | reir | 8% || -egsas3 | 1-67 | “ceo5aa2 | 4:83 |” roaoss | 48 
13) “feiss | 26S || ‘agseas | 1-85 |] “o6tge Lis "103808 | 47 
te | cfetese | 29% || ‘gopias | 1-65 “g06452 | 4: "103548 | 46 
is | corer 2-68 || ce95045 | 1-87 || .so6rt2 i. 103288 45 
: 2. F Of fi eee 1030: 
iy | cronpey | 2-67 pene a “Sore a “08769 | 43 
"792037 | 2-80 |] 7 7 "4 -102509 | 42 
18 | Vromear | 3-gp || 8044s | q'g7 || -B9ed91 | 55 102500 | 42 
19 | 70307 | 2-67 || ‘eoaess | t-67 || ce9rz1 | 4°85 102249 | 41 
20 | .7o2557 | 2-87 || ‘sos546 | 1-87 || “goso10 | 4°35 site AL 
7927 ‘ 9.898270 10.10 
Se | agence | 2-62 ean 1.67 || “98580 res "401470 | 38 
es |. cwgeoss | 2-65 94246 | 2-8 ggs7s9 | 4: "401211 | 37 
Bi |. cyaeies | 2-60 go4i46 | 1-87 || “goq049 | 4:38 "300951 | 36 
35 | ‘rosssa | 2-85 ||. “eoaoae | 1-62 899308 | 4:32 "100692 | 35 
3 | choasta | 2-87 || “goss | 1-87 || “goos68 rR "100432 | 34 
27 | 793673 | 2-5 || ‘eoapae | 1-82 || ‘so0ge7 | 4-32 “100173 | 38 
33 | cfesoor | 2:05 || aoneas | 2-62 | “oposae | 4-82 “099654 | 31 
29 | .793991 | 9°65 Boer 1.68 apogee | Soe ogases | 30 
30 | 1794150 | 2-83 || ‘eoa5a4 | 1-68 || ‘900605 | 4-32 SEES | 
9.893444 9.900864 099136 
32 | roto? 2263 || <senanas | TBS || ore | 4°83 098875 | 28 
83 | 7oqe26 | Sep || 88828 | Tegel) 901883 | FD 098617 | 27 
Be | cytes | 2°08 || “gonpai 1.68 || ‘oo1901 | 4-32 | — <oogo99 | 25 
: 2.65 || -898041 |) 476 : ee 
| Fou) 2 |) Bee) ce | See | oe | eee | a 
. 2 6: -8928: ‘er || 20242 "§ oo 
38 | <7o5417 | 3°63 |) 02739 | 1-65 || 902679 | 2° 097321 | 22 
go | cose | 2-63 || goes | 1-88 || “oozons | 4:22 “097062 | § 
40|.vaszas | 2-63 || ceaasze | 1-20 || cooaior | 4-82 "096803 | 20 
795801 | 5 9.892435 9.903456 10.096544 | 19 
4 | c7ge0a9 | 2-63 ||:7eogney | 1:68 ‘903714 | 4:30 "096286 | 18 
"796206 | 2-82 g92233 | 1-68 903073 | 4:32 096027 | 17 
41 | “oesea | 2-63 |] “gopiae | 1.68 || “Qocoe | 4-82 “095768 | 16 
a5 | “706801 363 || 1892080 | 1-29 || ‘oosao1 | 4-82 -095500 | 15 
my load . 5 . ”) . 2. d 
47 | noose | 2-02 || “gotgor | 1-72 || “Goscos | 4:80 |  -Gauese | 28 
45 | ‘yoeoe3 | 2-62 go1726 | 1-88 || ‘oosae7 | 4:32 "094733 | 12 
45 | <vorico | 202 || ‘gorene 8 || 2005626 | oes “094474 | 14 
BO | .zoraoy| S62 || ceases | 1-6 oosras | 7:88 "094215 | 10 
51 | 9.797464 | 9.891421 | 4 n. || 9.906043 10.093957 | 9 
52 | 797621 | 2-82 || “‘goisig | 1-7 ‘906302 | 4-32 "093698 | & 
B38} 797777 | $50 || :so1eiz | 4-49 || ‘908560 hee 093440 | 7 
b4 | .vo70ss | 3-85 || ‘gortis | 7:70 |) ‘0egi9 | 4-33 098181 | 6 
be | cypeoey | 2.00 ‘Soot | 2-2 “sors6 | 4-22 "092604 | 4 
by | ca9ei03 | 2-60 ‘sgog09 | 2-20 ‘907594 | 4:80 ‘092406 | 3 
bs | “rosseo | 2-62 “goor07 | 2-4 "907853 | 4-22 “092147 | 2 
Pe ee ee ted. || see | || ts doo | are le 
bo) 798716 | 3:6) || ‘go0e0s | 3-49 || ‘oosi11 | 4:80 091889 | 
60’| 9.798872 |? 9.890503 | 2: 9.908369 10.091631 | 0 
128° Cosine. | D. 1’. Sine. D, 1". |! Cotang. | D. 1". Tang. 151° 
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39° Sine. DT.) Cosine: |''D.1". Tang. D. 1". | Cotang. 140° 
o’| 9.798872 9.890503 | 4 m, || 9.908369 10.091631 60’ 
1| 799028 | 2-69 || ““egogo0 | 1:72 |) “goss | 4:32 | ‘ogia72 | 50 
2) ‘799184 | 2- “gg0298 | 2:70 908886 | 4-30 91114 | 58 
3| 799339 | 2-58 90195 | 1:42 || ‘oo9144 | 4:30 “090856 | 5 
Be Grease | 2200% ||) cee 1.70 || -209144 | 4'39 : 57 
4 2-60 || ‘890008 | 1-72 |) ‘ooo4o2 | 4-80 "090598 | 56 
Bes | ce | ae || ieee | te eee 
My ; mh "90991 “090082 | 54 
7 | .7o9062 | 2-60 || ‘egores | 1-72 || ‘onorry | 4:38 "089823 | 53 
8| :so0117 | 2-58 || ‘ssoeg2| 1:72 || ‘orosss | 4:39 |  ‘ogon65 | 52 
9| .sooze| 3:8 || ‘esosra| 7:42 || ‘e103 | 4-39 |  ‘ososo7 | 51 
10 | ‘soose7 | 3-38 || cesourz | 7:43 || ‘o1ose1 | 4:39 |  coggoso | 50 
11 | 9.800582 9.889974 | 4 9.911209 |, 10.088791 | 49 
12 | 800737 2.58 || cegoari | 1-78 || lorag67 | 4:30 | [088538 | 48 
ia| ‘avs? | 2-58 |] cesooos | 1-73 |) “Binge | 4:28 | cogsote | 46 
15 | :s01201 | 2:5% || “eggoe1 | 1-72 |) “or2040 | 4:30 "087760 | 45 
16 | :801356 | 2-78 || ‘ssaa58] 1:72 || ‘o1a408 | 4-30 "087502 | 44 
17| [801511 | 2: ‘g98755 | 1-7 "912756 | 4:30 ‘087244 | 43 
18 | ‘so1e6s | 2-57 gases1 | 1:73 913014 | 4:30 086986 | 42 
et icsase || 28%: Ih a 1.72 || -918014 | g’og | — -086986 | 
19 -soisig | S57 || S888 | Tie || 218% | GS) | -Ogomay | a4 
Be | ae pci 173’ || osee9 | 4-80 "086471 | 40 
a2 | .soazea | 2-7 "A88097 is ° odo a 70. 085056 | 8 
2 | 02436 | 2-57 || ‘essiza | 1:72 || ‘org30a | 4-89 | losses | 371 
1 | 802580 | O57 998030 | 3:73 || ‘or4s60 | 4:38 | — :085440 | 36! 
26| ‘s02897 | 2-57 seree | 1-73 |] “osors | 4-20 |  ‘oadues | a4 
27 | [803050 | 2:52 ge77is | 1-73 || ‘orsagp | 4.28 "084668 | 33 
28 | ‘803204 | 2:37 887614 | 1-73 || ‘15590 | 4-38 "084410 | 32 
29 | | .803807 ores 887510 | 1:73 || ‘owsar | 4-28 "084153 | 31 
: head ae 637406 | }:73 || ‘ore1os | 4-25 | 1083896 | 80 
be | -eose7 | 2-55 Oeeriog | 278 || “otepeo | 428° | 1°-Geeeee | 38 
33 | (803970 | 2-22 987093 | 1-75 || ‘oreszz | 4-30 “083123 | 27 
a | ‘sous | 2-55 |) ‘asson | 173 |] ‘orriss| 428 | cososes | 96 
35 | ‘804076 | 2:55 || ‘ea6se5| 1:73 || ‘orvaga | 4-28 “082609 
36| .804428 | 2:55 || ‘gg67s0| 1:75 || ‘o1zesg | 4:28 gaaaee | 24 
37| ‘eoase1 | 2-2 || “esooze | 1-73 |] ‘or7906 | 4-30 082094 | 23 
38 | ‘804734 | 3:23 || ‘esesvi | 1-72 "918168 pie 081837 | 22 
39 | -gossee | re |) 886406 | 173 |] 2180 | 458 081580 | 21 
41 ome pee ‘ices he iis phe sitet | 
; : 9.918084 10.081066 | 19 
42 | 805043 2-53 || iss615e | 1:75 || 19101 | 4°28 | Los0809 | 18 
Bee) ce | gee) ie | eel a) eee 
45 | ‘805799 | 2:53 || ‘eeseav | 1:75 || ‘o1s962 | 4-28 |  ‘oso038 | 15 
46| 1805951 | 2:22 || ‘eg5732| 1-75 || ‘op0e19 | 4:28 "079781 | 14 
47| ‘906103 | 2:23 || ‘e5ee7) 1-25 || ‘opoa7e | 4-28 “or95e4 | 13 
4 | “eoosi | 2-22 || ‘ssonos | 1-75 || ‘soos | 428 | conmcr ta 
49| 80408 | 559 |) 885416 | tp 920990 | 4:28 | ‘079010 11 
ve 2.32 |] ee5a11 | 1:79 || contear | 4°38 |  ‘07e753 | 10 
#) | eooseo | 252 Oeero0 | 1278 || 8: Setees | 4-28 10 Oe | “a 
53 | ‘807011 | 2:22 || ‘sesg04 | 1:27 || ‘gpe017 | 4-28 ‘077983 | 7 
54 | .so7163| 2:53 || ‘seqge0 | 1:77 || ‘oppar4 ae ‘077726 | 6 
55 | .807314| 2:52 || ‘eea7aa| 3: "920530 | 4:27 ‘077470 | 5 
56 | 807465 2-52 || 984677 1.7 || ‘9ee7e7 ae ‘077213 | 4 
S| csorves | 222 || ‘seuss | 17% || ‘Sosm00| 422 | corer | 2 
59] .807917 | 9°59 884360 iy 923557 | 49g 076443 | 1 
60’| 9.808067 | 9.884254 | 2- 9.923814 | 4 10.076186 | Of 
429° Cosine. | D. 1’. Sine. | D.1". || Cotang. |’D. 1’. Tang. 50° 








— 





148 TABLE XXV.—LOGARITHMIC SINES 












































: s. | 
40°} Sine. | D,1". Cosine. | D. 1’. Tang. | D. 1". | Cotang, 139° 
o*| 9.808067 9.884254 9.923814 10.076 ' 
1 -$08218 2-52 | 984148 [1-77 || 924070 ae ae = 
2] Bere | 2-52 |] “Besos | 1-27 || “ognas | 4.27 ar ie 
4| ‘sos6c9 | 2-80 ‘gg3s29 | 1.78 "924840 | 4-28 Gece ee 
S| Mepeeo | 2 oes | 1a eee 4.27 075160 | 56 
5] sowed | S50 || SB | ry 925096 | 4.27 074904 | 55 
7| ‘go9i19 | 2:29 || “se3si0 | 1-38 “Boseog | 4.28 pea ies 
8 | 809269 | 2:29 || ‘gg3aoa | 1-27 || ‘oosses | 4-27 os es 
Bl eet | | 20h ||! Smagr | a8 tl! 2 4.28 074185 | .52 
900419 | 3:3) || ‘egseor | 1-78 || ‘opsiee | 4-28 | Lovage | 51 
10 | 900569 | 3°22 || ‘eestor | 1-72 || copeare | 4-27 "073622 | 50 
11 | 9.809718 9.883084 9.926634 | 4 
12 | “somes | 2:52 |) “-ssoorr | 178 |] °sapem0 | 4-20 | T°-orait0 | 48 
48 | 61007 | | 3°85" ||) ,eeeari | Le. || Copmaay |) SegB ON 
id | ‘store | 2-52 |] ‘eserves | 1-78 || ‘ooraos | 42° | conesor | 46 
15 | iei0316| 248 || ‘amoosr | 1-78 |) cooreso | 4-20 | cOrpaat | 48 
16 | 810465 3.48. || ‘see550 | 1-78 || coprois | 4-27 “ora0ss | 42 
| cee | 3 |) Re ER | Be) Ge | gue | 8 
19 | .gi0912| $48 || .S8sez20 | 1-78 || ‘oosesa | 4-28: | lozai6 | 41 
20} -811061 | 5° gsei21 | 1-80 4.27 ; 
ab eum | Bas. | 1 opso40 | 4-27 ‘071060 | 40 
81121 9.882014 9.929196 |, 
22 811858 a 881907 | 7°48 || -szeas2 | 42! ee 38 
aves | ear | ame | te | ae | tae || ae 
25 | 811804 3-4 || :ss15s4 | 3-80 || <oaoa20 | 4-24 “060780 | a8 
a7 | ei2100 | 2-47 || ‘seisea | 1-80 |] “gaorar | 427 | “Ggeeo | Se 
28 | .si228 | 3-4" || ‘saig61| 1:89 || ‘osoge7 | 4:27 ene 
29 | 812300 | 947 || -881158 | Jing |] 98128 42t | 2068757 | 81 
ral eee ses 128 || ceaiag9 | 4:22 "068501 | 30 
9.931755 
a2 | 812840 | 2-47 ||” ‘seog30 | 1-80 soemoio | 222be | “SBeeaes | on 
33 | 812088 | 345 || 80m 1.80" || 1932266 — verre | oe 
8131 -880613 932522 | 4 067478 | § 
35 "8135 2.47 1.80 -93252 4.27 .067478 | 26 
S| 38o) 24 || eee ie | eee) te | eels 
7 | 81357 : “9335 4.2 ae 
Bi | 818678 | 9:45 || -Ba0e8o | i'm || uaa | Zor | -oeozil | 28 
30 | isizs72 | 2-45 || “geoore | 1-80 |] “ogasoo | 425° |  “Qeaa00 | at 
40| ‘814019 | 3-4? “sroges | 1-82 || “gpagre | 427 ~oeeodd | 80 
41 | 9.814166 | 9 4, || 9.879855 : . 9.934311 bs 10.065689 18 
42 | .814313 | 3-42 || ‘879746 | 1: ‘934567 | 4:20 065433 | 18 
43 | .814460 | 2: ‘g796a7 | 1-82 g34g22 | 4:25 ~oser7s | ¢ 
44| 814607 | 2-45 879529 | 1-80 || “ogsorg | 4-27 ee ae 
44 | -t1d007 | 9°43 |] 879529) Tog) || sore | 23 "064922 | 16 
46 | ‘sisow | 245 |) “grosti | 3-82 || <gpepeo | 4:27 | “Ogantt | 14 
47 | ‘815046 | 2:43 || “groan | 1-82 || “oppgaa | 4-25 | “Oeatse | 13 
48 | .815193 | 3-45 || ‘879093 | 1 = “936100 | 4:27 “68000 | is 
49 | .815839 | 5:43 || .s7goga | 1:82! || “ogegss | 4-25 "063645 
50 | 1815485 grearn | 182 Soe 4.27 u 
2.45 .87887 1.82 - 936611 4.95 .063389 | 10 
51 | 9.815632] 5 4, || 9.878766 | 5 g5 || 9.936866 | 4 10.063134 | 9 
Bz) 815778 | 943 || -878656 | tm || -9Briz1 | fo) | .062e79 | 8 
bi | isieoso | 24 |) ‘seis | 1-82 || “Gores | 425 | Ohaus | 8 
5 | 816215 343 || (878328 | “opveey | 4:25 “oats | 8 
816361 | <: 6 .8: ae 4.25 s 
Bi | 816507 a “BrSi09 ee ‘gasses | 427 | “oeteos | 3 
Be La -877999 | 1-83 || “osge53 | 4-25 |  loeiad7 
59 | 1816798 | 2-43 877890 | 1:82 |) - dian || es | oe 
2.42 || 8% ‘938908 | 4-% "061092 
60 | 9.816943 9.87780 1.83 || gg3or63 | 425° | 40:060887 | 0° 
° . ‘; F ———_ pa eal lee A Pe cen 
130° Cosine. | D. 1’. Sine. | D. 1’. || Cotang. | D, 1° Tang. |49° 
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eae 












































| 
41°} Sine. D. 1". || Cosine. | D. 1’. Tang. | D.1’. | Cotang. 188° 
0 | 9.816943 9.877780 9.939163 10.060837 | 60 
1| sos | 2:42 || ‘s7zero| 1:83. |) ‘osoais | 4-5? "060582 | 59 
2| ‘st7s3| 2-42 || ‘erzeo | 1:88 || ‘osseva | 4-28 |  -os0sey | 58) 
3| cera | 2-43 || ‘erzaso | 4:83 || <o30028 | 4-38 |  -060072 | 57 
4| ‘st7e4 | 2-42 || ‘s7vaao | 1°83 || ‘oss | 43> |  -059817 | 56 
5| ‘eizecs| 2-49 || ‘erreac | 4-63 || ‘osoasa| 4-5% | 059561 | 55 
| -sizsis| 2-42 || ‘er7i20 | 1:88 || 940804 | 7-32 | 050806 | 54 
7| ‘e17958| 2-42 || ‘ervoi0 | }-$3 || ‘940049 | 4-32 | 059051 | 58 
| ‘618103 | 2-42 || ‘eves90 | 1-8 || ‘oateoa | 4-33 | 058796 | 52 
9| ‘e1se17 | 2-49 || ‘ezersa| 1:88 || ‘oataso | 4°53 | 058541 | 51 
10 | ‘siss02| 2-42 || ‘e7eera | 1-83 || ‘onizis | 4-53 | ‘058287 | 50 
11 | 9.818536 | 9 49. || 9.876503 | 4 5 9.941968 | 4 95 | 10.058082 | 49 
12| .81se81 | 2 ‘976457 | 2- f : 
13 | ‘sise25 | 2-49 || ‘ezeser | 1-83 || loazars | Foe | 057522 | 47 
14| ‘sisd60 | 3°49 876236 ita 942133 i O5T267 | 46 
45 | (819113 | 2: "976125 | 1-85 || ‘9499 25 3 
13 | 9°40 1.85 4.25 
16 | 1819257 "976014 : "943243 5 “056757 | 44 
2.40 1.83 4.5 
a7) 819401 "875904 943498 : “056502 | 43 
1} 9/40 904 | 4/85 498 | 493 
18) -Btooss | 249 || ceraoss | 1-85 || atsoor | 4:25 | cossgas | 41 
20 | ‘siosa2| 2-38 || lezori | 4°65 || cosazz | 7-52 | 055788 | 40 
93 | 820263 | 2-38 "g75237 | 1:85 || ‘oa50a6 | 4:22 "054974 | 37 
24 | “seog0e | 2-38 || ‘erste | 1-85 || ‘oasesi | 4-33 |  -054719 | 36 
95 | ‘820550 | 2-42 || ‘ersoia | 1:87 || ‘ogs5a5 | 4:28 "054465 | 3E 
26 | ‘920603 | 2-38 *g74903 | 2-85 || ‘ogsvo0 | 4:22 "054210 | 34 
97 | ‘ge0836 | 2-38 || ‘eravor | 1-82 || ‘oaeoa5 | 4-25 “053955 | 33 
93 | 1820979 | 2-88 || ‘e746s0 | 1:85 |} ‘oae209 | 4-23 "053701 | 32 
99 | _921122 aS 1974568 | }-8% || “o4en54 ae 053446 | 31 
go | iseiz6s | 2-38 || <e74as6 | 1-89 |) <94e808 | 4-53 |  -058192 | 30 
ai | 9.921407 9.874344 9.947063 10.052937 | 29 
21407 | 9 3g 441 4 97 4.25 : 
| eee | 25 | eee) 1S | oo | oe | eae |B 
Bi | “cecisas | 2-3? g740o9 | 1-8% || coarser | 4-25 "052173 | 26 
35 | ‘seig77 | 23% 873906 | 1-88 || ‘oasoa1 | 4-23 "051919 | 25 
36 | 822120 | 2-38 gra7ea | 1-87 "948335 | 4:23 "051665 | 24 
“go2262 | 2-37 g73672 | 1-82 || ‘94g590 | 4:25 | [051410 | 28 
36 | “eoza0a | 2-32 g73560 | 2-87 || ‘o4ggaa | 4-23 051156 | 28 
39 | 22546 | 2-37 g734is | 1-82 || ‘949009 pee "050901 | 21 
40 | 822688 | $34 azaa3s | 2-88 |) ‘oaosss | 4:58 "050647 | 20 
[oe | on |omms| ios [ogg] on | tame 8 
43 | 1923114 | 2:3% || ‘ezeo08 | 1-8% || ‘lose | 4°58 |  -049884 | 17 
41 | ‘g23055 | 2-25 || ‘erases | 1:88 || ‘os0a71 | 4-23 049629 | 16 
45| 103397 | 23% || ‘evar72 | 1:88 || ‘95025 | 4:28 "049375 | 15 
“aoaa9 | 2-37 || ‘sree | 2:88 || ‘osogra | 4:63 |  -osoi2t | 14 
4 | ‘03680 | 2:35 || “gresay | 1-82 |) ‘o5ii33 | 4:23 “048867 | 13 
45 | ‘sesso | 2:32 || ‘eveasa | 1-88 |] ‘osrz88 | 4-25 "048612 | 12 
49 | 923063 | 23% || ‘eraser | 1:88 || ‘estes | 4-53 | 018868 | 11 
50 | “sesioa | 2-25 || ‘eve208 | 7-83 || -951896 | 4°53 foe 10 
si] 0.9906 | 95 | 9am] soo | Og | 4x | 9.0080) 8 
Be | ey | 2-85 || cerises | 1-88 || ‘oseeso | 4:23 |  ‘oszaat | 7 
Bi | 824608 | 2-29 || ‘erizss | 1-88 || ‘oseois| 4:33 | 047087 | 6 
bs | ‘goagos | 2-83 || “erteat | 2-29 || ‘osste7 | 4°23 "046833 | 5 
| .aeso49 | 2-25 || ‘ezisea| 1-88 || lossaer | 9-28 | -ose579 | 4 
37 | ‘ee090 | 2-25 || ‘eriaia | 1-22 |) ‘assez | 4-23 | co4ea25 | 3 
bs | 825230 | 2-23 || ‘ez1301 | 1-88 || ‘os020 | 4-33 | -o46o71 | 2 
Bo | csessri | 2:88 |] ‘eriie7 | 3-99 || <o5ai8s | 4-55 | .o4sei7 | 4 
60'| 9.825511 | > 9.871073 | 1: 9.954437 | + 10.045563 | 0" 
Yg1° Cosine. | D. 1°. || Sine. | D. 1". || Cotang. | D.1". | Tang. 18° 











pm 


TABLE XXV.—LOGARITHMIC SINES 





42°, Sine. 
O’| 9.825511 
1 | .825651 
2| .825791 
3 | 825931 
4) .826071 
5 |  .826211 
6 |  .826851 
7 | .826491 
8 | .826631 
9} .826770 
10 | .826910 
11 | 9.827049 
12 | .827189 
18 | .827328 
14 | .827467 
15 | .827606 
16 | .827745 
17 | .827884 
18 | .828023 
19 | .828162 
20 | .828301 
21 | 9.828439 
22 | .828578 
23 | .828716 
24 | .828855 
25 | .828993 
26 | .829131 
27 | .829269 
28 | .829407 
29 | .829545 
30 | .829683 
31 | 9.829821 
82 | .829959 
33 | .830097 
84 | .830234 
35 | .830372 
36 | .830509 
37 | .830646 
88 | .830784 
389 | .830921 
40 | .831058 
41 | 9.831195 
42 | .831832 
43 | .831469 
44 .831606 
45 | .831742 
46 | .831879 
47 | .832015 
48 | .832152 
49 | .832288 
50 | 882425 
51 | 9°832561 
52 | .832697 
53 |  .832833 
54 | .882969 
55 | .833105 
56 | .833241 
57 | 833377 
58} .833512 
59 | .833648 
60’| 9.833783 








132° Cosine. 





D. 1". 





BSS SSSNNRN RERBRBSBBB PRBSRRSVSS Swe ee ooo ce ce oe oy co ceo cos oo cs os oo 0 oo oes Go Go Ge Ge ov bv be 
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es 











Cosine. 


9.871073 


9.869818 
869704 
-869589 
-869474 
-869360 
860245 
-869130 
-869015 
-868900 
-868785 


9.868670 
868555 
-868440 
868324 
-868209 
-868093 
867978 
867862 

| 867747 
867631 


9.867515 





1D Le 


KORSSSSSSS SECRSSSSSS GSSSSSSSSES SSSSSSSSESS 


bet be beak eat et peak fr fn feat ak frat ek rk fk rok food md, rk Fok fk fk re ook rod fk ft Peak feck Peak foe Peak oak fk Pek fed Pd fk PL ped PL PL PL pod pk pd Pek Pe Ph PLP PLP LPP pL PL PL pL 














Tang. 


9.954437 


»954691 
-954946 
-955200 
-955454 
- 955708 
- 955961 
- 956215 
- 956469 
956723 
- 956977 


9.957281 
-957485 
-957739 
- 957993 
958247 
-958500 
958754 
+ 959008 
959262 
-959516 


9.959769 
- 960023 


9.967376 
-967629 
967883 
- 968136 
-968389 
. 968643 
- 968896 
-969149 
- 969403 

9.969656 





“Cotang. 





D. 1". 





SPPLALALAL PSH PPA AAR ALA LEAP AAA PARA AAA DAD DRRAAR ROR PRoeeneaacn 


=| 


10.045563 








| 
Cotang. 137° 





032877 
10. 032624 


60’ 
-045809 | 59 
045054 | 58 
.044800 | 57 
-044546 | 56 
-044292 | 55 
-044039 | 54 
-043785 | 58 
043531 | 52 
043277 | 51 
-043023 | 50 
10.042769 | 49 
-042515 | 48 
042261 | 47 
-042007 | 46 
-041753 | 45 
-041500 | 44 
041246 | 43 
-040992 | 42 
-040788 | 41 
-040484 | 40 
10.040231 | 39 
- 039977 | 38 
- 039723 | 37 
- 039470 | 36 
- 039216 | 35 
- 088962 | 34 
- 038708 | 33 
-038455 | 32 
-088201 | 31 
-037948 | 30 
10.037694 | 29 
037440 | 28 
037187 | 27 
036933 | 26 
-086680 | 25 
-036426 | 24 
-086172 | 23 
-085919 | 22 
-035665 | 21 
+085412 | 20 
10.035158 | 19 
.034905 | 18 
-034651 | 17 
-034398 | 16 
-034145 | 15 
-033891 | 14 
-033638 | 13 
033384 | 12 
1033131 | 11 
10 
9 
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i=] 
eo) 
= 
(ot) 
or 
2 
| COMWWRLONO 00 


4 
5 
99 
=a 
° 





43° Sine. 
0’) 9.833783 
1 .833919 
2| 834054 
8 | .8384189 
4 834325 
5 | .834460 
6 | .834595 
7 | .884730 
8 | .834865 
9] .834999 
10 | .835134 
11 | 9.835269 
12 | .835403 
13 | .835538 
14 | .835672 
15 | .885807 
16 | .835941 
17 | .886075 
18 | .836209 
19 | .836343 
20) .836477 
21 | 9.836611 
22 | .8386745 
23 .836878 
24 | .837012 
25 | .837146 
26 | .8387279 
27 |  .887412 
28 | .837546 
29 |  .8387679 
80 | .8387812 
31 | 9.837945 
32 | .838078 
33 | .838211 
34 | .838344 
35 | .838477 
36 | .838610 
37 | .838742 
388 | .838875 
39 | .839007 
40 | .839140 
41 | 9.839272 
42 | .839404 
43 | .839536 
44 | .839668 
45) .839800 
46 | .839932 
47 | .840064 
48 | .840196 
49 | .840328 
50 | .840459 
51 | 9.840591 
52 { .840722 
538 | .840854 
54 .840985 
55 | .841116 
56 841247 
57 | .841378 
58 | .841509 
59 | .841640 
60’| 9.841771 
133° Cosine. 
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De. 





929 29 2929 
TA2 O1OtAZ 


WNNMNWNNNVWY NNVNVVNVNYVVY VNYONVVNVNVNVWY WYN VNVNVWNY WNVNYONVNYNVWVNN WWNVMVVNVNUNVIONW 
NSESSSNSESES SUSRSRNNYN VUVVVSVENY SEVSRRKRES VRESE 


Pe eh ee aD 
DODMDDMWOMWOBd 











oS 
ea 














Cosine. | D. 1". Tang. 
| 
| 9.804127 | 4 95 || 9.999658 
Lae "969909 
¥ 1.97 
“863892 "970162 
692 | 1197 
eel iy | cass 
8 | Lm | ume 
“862301 fee “971429 
“spaost | 2-98 || “Srt0s5 
‘gezo4e | 1-97 972188 
: 1.98 || - 
9.862827 | 5 gy || 9.972441 
“Senso | 1-98 || “gronas 
“ggoa71 | 1-98 || “grsa01 
“862353 | 1:97 "973454 
“gene34 | 1.98 “973707 
‘g62115 | 1-98 “973960 
'g61996 | 1-98 “974213 
961877 | 4:98 "974466 
861758 | 3:98 || ‘ova720 
9.861638 9.974973 
g6i5ig | 1-98 975226 
"g61400 | 2-98 ‘975479 
‘g61280 | 2-00 "975732 
1361161 | 3:8 |) ‘975985 
"g6i041 | 2-00 976238 
gg0922 | 2-98 "976491 
"360802 | 2-09 || ‘ovez44 
‘60682 | 3-00 ‘976997 
960562 | 2:00 || ‘or7e50 
9.860442 9.977503 
g60sz2 | 2-00 977756 
"860202 | 2-00 "978009 
60082 | 3:03 “978262 
859962 | Bop |) -978515 
“Seorat | 2-02 ‘Srogel 
"959601 | 2-00 “979274 
859480 | 3-02 “979527 
7850360 | 2-00 || ‘979780 
9.859239 9.980033 
859119 | 2-00 ||” ‘980286 
“g5g998 | 2-02 "980538 
g5ee77 | 2:02 || ‘980791 
858756 | 3:02 || ‘osi044 
958635 | 2-02 || :981297 
858514 | 3-02 || ‘981550 
858393 | 2-02 || °981803 
958272 | 2-02 || 982056 
858151 | 3-02 |) ‘982809 
9.858029 9.982562 
857908 | 2-02 982814 
957786 | 2-938 || “983067 
857665 | 2-02 || "983320 
857543 | 2:03 || ‘ogas73 
‘s5ram0 | 2-03 |) “gesoro 
‘a57178 | 2:0 “984332 
857056 | 2:03. || ‘oga5e4 
9.856984 | 9. 984837 
Sine.” D. 1” Cotang. 








Dri". 


RSSRVVBBS PRRVVVVSY RRVRERVVVY VERBVRRRBY RRRVVSRVY RYBBESSELES 








| 10.030344 | 60" 

















\ 
Cotang. 136° 


-030091 | 59 
029838 | 58 
029584 | 57 
020331 | 56 
1029078 | 55 
028825 | 54 
028571 | 53 
028318 | 52 
028065 | 51 
“027812 | 50 


10.027559 | 49 
(027305 | 48 
1027052 | 47 
1026799 | 46 
1026546 | 45 
026293 | 44 
026040 | 43 
025787 
1025524 
025280 


10.025027 | 39 
024774 | 38 
1024521 | 37 
1024268 | 36 
1024015 | 85 
1028762 | 34 
023509 | 38 
023256 | 82 
023003 | 31 
022750 


10.022497 | 29 
1022244 | 28 
1021991 | 27 
1021738 | 26 
1021485 | 25 
1021232 | 24 
020979 | 28 
020726 | 22 
020473 | 21 
020220 | 20 


10.019967 | 19 
.019714 | 18 
.019462 | 17 
.019209 | 16 
.018956 | 15 
-018703 
.018450 | 18 
-018197 | 12 
.017944 | 11 
.017691 ; 10 


10.017438 
017186 
.016933 
.016680 
016427 
016174 
015921 
.015668 
015416 

10.015163 


Tang. 
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cs 





Py 
Sr} | eracketore ore 


SE Eee 





152 TABLE XXV.—LOGARITHMIC SINES 


















































fe) j ” | * | 
44° Sine. D. 1". || Cosine. | D. 1". Tang. | D..1". | Cotang. 135° 
—t ae ee ee ee ae a 
0 | 9.841771 9.856 e a 
Foe | 12:8. Ihieeeeerau 2,03 I, Seeeent |) 4.09) | aOLOuse GA | 60 
2| ‘42033 | 2-18 856690| 2-03 5090 | 4/99 .014910 | 59 
Bee aees | SLT) || SeeceepaWe 2203 ||| Sigaeeon (eae mmr ines 
z| ceaeod | 2-38 |! “eseai | 2-03 |) “gsoeag | 4-20 014404 | 57 
5 | .s424e4 | S72 856323 | 2-05 een | Aiea 014152 | 56 
B | ‘eaenss | 2-28 || gegont | 2-03 |] “gegen | 4-22 | © 2918800 | 55 
7 | 1942685 | 2-17 || Tescors | 2-05 eran | Aaa -013646 | 54 
Al Frrepiesys | 210 |l Uieeegrn || 2003 1] iegegen | tdeoas It Mansecoss | eS 
9 “842946 2.18 855833 2.05. + grees 60 4.20 -013140 | 52 
ip (teaser | 21T: |l teteeeees || 2003 || baer, || «aos 2012888 | 51 
217 || 889711 | 5795 || -987365 | 4:33 | 1012635 | 50 
11 | 9.845206 | 9 47 || 9.855588 9.987618 |, 44 | 10.012382 
12 | 843336 | 3-3/ || .ssod65 | 2-05 oeepey | 228. ee 49 
13 | .843466 | 2: "955342 | 2-05 || ‘ogayo3 | 4-20 -012129 | 48 
14] 1943595} 2:15 || “gsse19 | 2.05 pokes || +4. 1011877 | 47 
i5| ‘813725 | 2-17 || ‘e5s008 | 2-05 || “gasaey | 4.2 011624 | 46 
16} 1843855 | 2-17 |] “gstors | 2-05 || “Geggee | 4.22 011371 | 45 
17| 1843984} 2-45 || “gs4gs0 | 2-05 eee 4:20 1011118 | 44 
18| .944114 | 3-12 || “g5a7e7 | 2.08 peree || ieee -010866 | 43 
19 | 19213 | 2-19 || “asigos) 2-07 |] “Osman | 4.22 | 7010613 | 42 
20 | 84372 | d-17 || 854480) 3-97 || 980803 | 4-22 “o10i07 | 40 
Bt | 9. oo? | 2.15 || 9-854356 9.990145 | 45, | 10.00 
22 844631 3. = 854233 2.05 990: 4,22 -009855 | 39 
23 | .844760| 3-12 || ‘54109 | 2-97 |] 799 398 | 453 |  -009602 | 38 
a4 | “s44ssg| 2-13 || ‘essogg | 2-05 reereon | A4cea .009349 | 37 
25 | .845018 | 5-42 “gsaggo | 2-07 Seevien | s4eee .009097 | 36 
26 | lessia7 | 2-1 "353738 | 2-07 | ‘ogricg | 4.22 | ° -O08844 [38 
a7 | 845276 | 2-15 || ‘eszgia | 2-07 |] 9 1409 | 4/99 .008591 | 34 
2g | 845405 | 2-13 || ‘e53409 | 2-07 -991662 | 4°59 008338 | 33 
29 | 845533 | 2-13 geaane t 2:07. || ocecsees |) -aue2 .008086 | 32 
30 | .815662 | 2-15 || ‘g5gzq2 | 2-07 sooo, | dees -O07833 | 31 
Mie an ee S :007580 | 30 
31 | 9.845790 9.853118 pera ioe 
so) eee) 2s |) Sa) 2M | gue] 18 | Mare | 8 
4 5 . OARS se 6 +VULUE 
a4 | (816175 | 2-13 “perae | c2l0T1 | SGaeenes 433 | 1006822 | 27 
35 | 846304 | $13 *gs9699 | 2-08 Beene | 420 006569 | 26 
36 -846432 2°13 852496 2.07 9 683 4.99 -006317 | 25 
87 | (846560 | 2:13 || “esoazz | 2-08 ~998986 | 4-5) | 006064 | 24 
38} 846688 | 313 "gsa047 | 2.07 can 189) 4759 005811 | 23 
39} gd6si6 | 2-1: Belen | 2-08; || emaeat:| eee 005559 | 22 
40} s46044) 3-13 |) le51907 | 2-08 -994694 | 4°59 005306 | 21 
BUN BACT eee lt G geteatll ae ee | deel 005058 | 20 
42| ‘847199 | 2-18 |) “'gsiz47 | 2-08 9.995199 | 4 99 | 10.004801 | 19 
43 | .847327 | 3-13 || “e51602 | 2-08 +995452 | 4°55 004548 | 18 
44| 847454 | 3-12 || “est4g7 | 2.08 seo | 90 004295 | 17 
45) 847082 | Oy || 851872 | 348 eObrm | fae. || enggsess | 16 
1847709 | 2:1: “85 9 o 003790 | 15 
47 | 847836 | 3-12 Pita, || 208: || assess 7 .003537 | 14 
48 | 847964 | 2-13 || “s50996 | 2-08 996715 | 4-59 | 008285 | 13 
49 | .848091] $-.° “50870 | 2-10 -996968 | 4°55 .003032 | 12 
50 | .818218 | 3-12 ge074, | 2:08, || ences | apo .002779 | 11 
si | 9.8135 | 3 9.850619 | 2° ete | aaa 002527 | 10 
be] -gas472 | 2-12 | "“esq4g3 | 2-10 9.997726 | 4 99 | 10.002274 | 9 
3 | -giss90 | 3-13 |) ‘ssoa0s | 2-98 |] coneost | 4:20 | <Qotes | 8 
848726 | %- 9 ? 001769 | 7 
B5 | “gagasg | 2.10 |] -850242) O19 |] 998484] 4-55 001516 | 6 
56 | ‘sasora | 2.12 |] -850118 | S19 || -998787 | 455 | :001268 | 5 
57 | ieaoi0g | 2.12 || -$49990) o10 || -998989 | 4-50 | 001011 
84 : ; 11} 4 
Be) eigee | 212 | arms | 219 || “ites | fe | aes 8 
Socnee eos 849611 | 5° “ggova7 | 4-20 -000505 | 2 
le 9 849485 © |I10:000000 | 4-22 | so‘ ge0603 s 
134° Cosine. | D. 1". Sine. Darel hComneniip aa — 
eh ORE a Eanes aba 
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2a me 





COVWMRPUPWWHO 








0° 
Vers. | q — 21 | Ex. sec. 
9.070 
Inf. neg.| 120 || 120 |Inf. neg. 
2.626422 | 120 || 120 2.626422 
3.228482 | 120 || 120 |3.228482 
-580665 | 120 |} 120 | 580665 
8.830542 | 120 || 120 3.830542 
4.024362 | 120 |} 120 \4.024368 
182725 | 120 || 120] .182725 
.316618 | 120 || 120} .316619 
.482602 | 120 || 121] .482603 
.584907 | 119 || 121] .584908 
626422 | 119 || 121] .626424 
4.709207 | 119 || 122 |4.709209 
784784 | 119 || 122| .784787 
854308 | 119 || 122] .854312 
.918678 | 119 || 123] .918681 
4.978604 | 119 || 123 }4.978608 
5.034661 | 119 || 124 |5.034666 
.087319 | 119 || 124} .087325 
.136966 | 119 || 125} .136972 
183928 | 119 || 125] .183985 
228481 | 119} 126| .228488 
5.270859 | 118 || 126 |5.270868 
.811266 | 118 |} 127) .311275 
.849876 | 118 || 128) .349886 
.886843 | 118 || 129} .386854 
.422300 | 118 | 129] .422312 
.456367 | 118 || 180] .456879 
.489148 | 118 |} 131} .489161 
.520736 | 117 || 182] .520750 
.551216 | 117 || 183} .551231 
.580662 | 117 || 184] .580679 
5.609148 | 117 || 184 |5.609160 
.636719 | 117 || 185) .636738 
.663447 | 116 |} 186 | .663467 
.689377 | 116 || 187] .689398 
714555 | 116 || 188) .'714577 
739023 | 116 || 140] .789047 
762821 | 116 || 141] .762847 
.785985 | 115 || 142] .'786012 
.808547 | 115 || 143] .80857 
.830537 | 115 || 144] .830567 
5.851985 | 115 || 145 |5.852016 
/872915 | 114 || 147} .872948 
893353 | 114 }| 148} .893387 
913322 | 114 || 149} .918357 
932841 | 114 || 151} .932878 
951931 | 113 || 152 | .951970 
.970611 | 113 |; 154| .970652 
5 988898 | 113 || 155 |5.988940 
6.006807 | 112 || 157 |6.006851 
024855 | 112)| 158} .024401 
6.041555 | 112 || 160 6.041602 
.058421 | 111 |) 161) .058470 
.074965 | 111 || 163) .075017 
.091201 | 111 || 164] .091254 
.107188 | 110}! 166} .107194 
122789 | 110}| 168} .122846 
138162 | 110 || 169} .138222 
153268 | 109 |) 171} .153380 
168116 | 109 || 173] .168180 
6.182714 | 109 || 175 |6.182780 





















































1° 
ae »| Vers. | q—2l |Ex.sec. 
9.070 

3600 | 0 )6.182714 | 109 || 175 | 6.182780 
3660 | 1 | .197071 |108||177| .197189 
3720 | 2] .211194 | 108 || 179] .211264 
3780 | 3 | .225091 | 108 || 181] .225164 
3840 | 4 | .238770 | 107 !| 182] .238845 
3900 | 5 | .252286 | 107 || 184] .252814 
3960 | 6 | .265497 | 106 || 186} .265577 
4020 | 7 | .278558 | 106 || 188| .278641 
4080 | 8 | .291426 | 106 || 191] .291511 
4140 | 9 | .804106 | 105 || 193] .304193 

10 | .316603 | 105 || 195) .3166938 
4260 | 11 |6.328923 | 104 || 197 | 6.829016 
4320 | 12 | .341071 | 104|| 199) .341167 
4380 | 13 | .853052 | 108 || 201] .353150 
4440 | 14 | .364869 | 103 || 204] .864970 
4500 | 15 | .876528 | 103 || 206] .376631 
4560 | 16 | .888082 | 102|| 208] .388188 
4620 | 17 | .899386 | 102 || 211] .399494 
4680 | 18 | .410593 |101 || 213| .410705 
4740 | 19 | .421657 | 101 || 215) .421772 
4800 | 20 | .482588 | 100 || 218] .482700 
4860 | 21 |6.443372 | 100 || 220] 6.448493 
4920 | 22 | .454029 | 099 || 223] .454153 
4980 | 23 | .464557 | 099 || 225) .464684 
5040 | 24 | .474959 | 098 || 228] .475089 
5100 | 25 | .485238 | 098 || 230| .485371 
5160 | 26 | .495396 | 097 || 233} .495582 
5220 | 27 | .505438 | 097 || 236) .505577 
5280 | 28 | .515364 | 096 || 238) .515506 
5340 | 29 | .525178 | 095 || 241] .525824 
5400 | 30 | .534882 | 095 || 244) .585031 
5460 | 31 |6.544480 | 004 || 247 | 6.544632 
5520 | 82 | .553972 | 094 || 249] .554128 
5580 | 83 | .568362 | 093 || 95%] 563521 
5640 | 84 | .572651 | 093 || 255) .572813 
5700 | 35 | .581842 | 092 |! 258) .582008 
5760 | 86 | .590936 | 092}: 261 | .591106 
5820 | 87 | .599937 | 091 |) 264] .600110 
5880 | 38 | .608845 | 090|| 267} .609021 
5940 | 89 | .617663 | 090)! 27 617843 
6000 | 40 | .626392 | 089] 273] .626575 
6060 | 41 |6.635034 | 089 || 276 | 6.685221 
6120 | 42 | .643591 | 088 |; 279 643782 
6180 | 43 | .652064 | 087 || 282 652259 
6240 | 44 | .660456 | 087|| 285| .660655 
6300 | 45 | .668767 | 086 || 289} .668970 
6360 | 46 | .677000 | 085}, 292) .677206 
6420 | 47 | .685155 | 085 || 295| .685365 
6480 | 48 | .693234 | 084] 298) .693448 
6540 | 49 | .701239 | 083|/ 302) .701457 
6600 | 50 | .709171 | 083}) 305} .709393 
6660 | 51 |6.717030 | 082)! 308 | 6.717257 
6720 | 52 | .724820 | 081 |; 312] .725050 
6780 | 53 | .732540 | 081], 315) .782775 
6840 | 54 | .740192 | 080} 819) .740431 
6900 | 55 | .747777 | 079) 822] .748020 
6960 | 56 | .755297 | 079]| 826) .'755544 
7020 | 57 | .762752 | 078|| 329} .'763004 
7080 | 58 | .770144 | 077 || 833] .'770400 
7140 | 59 | .777473 | 076|| 837) .777738 
7200 60 6.784741 | 076 || 840} 6.785005 




















154 TABLE XXVI.—LOSARITHMIC VERSED SINES 
Q° 8° 
” |" | Vers. peer Ex. sec.|}| ” |/|. Vers. qQ—2l |Ex.sec. 
[20 136868 ai 16 |7.137464 

7200| 0|6.784741 | 076||340/6.785005 |] 10800] 0|7.136868 | o2i || 616 |7. 

7260] 1| .791948|075||344| .792217 || 10860] 1| .141679 | oji9 || 622 | /142081 

7320| 2| :799096 |074||348| .799370 || 10920] 2] .146464 | o18 || 6e7 | (147072 

7380] 3] 1806186 | 073||351| 1806464 || 10980] 3) 1151222 | o17 || 633 | 1151837 

7440| 4| 1813219 |073||/355| .813501 || 11040] 4] 1155954 | o16 |}. 638 | 1156577 

7500] 5| .820194 | 072|/359| :820482 || 11100] 5] .160661 | 015 || 644 | .161290 

7560) 6} .827115|071}| 363} .827406 11160| 6] .165342 014 650 | .165978 

7620) 7| .833980|070||367| .834277 || 11220{ 7| :169998 | 013 || 655 | 170641 

7680| 8] .840792|070||371| .841093 || 11280] 8] .174630 | o11 || 661 | .175279 

7740 9| .847551 | 069||375| 1847857 || 11340] 9| 179936 | o10 || 667 | 179893 

7800|10] .854257 |068||379| .854568 |] 11400]10| |183819 | oo9 || 673 | 1184488 

7860] 14/6. 860912 | 067|| 883 /6.861228 || 11460|11|7.188877 | 008 || e679 |7.199048. - 
2920/12] .867517 | 066|| 387| .867837 || 11520]12| 192912 | 007 || 685 | |193589 

7980/13] .874071| 066|| 391| .874396 || 11580113] 1197423 | 006 || 690 | |198108 

8040/14] .88057’7| 065|| 395] 880907 || 11640|14| :201910 | 004 || 696 | |202602 

8100| 15] .887034] c64|| 399] .887369 || 11700|15| .206375 | 003 || 702 | 207074 

8160/16] .893443 | 063|| 403) .893783 || 11760|16| .210817 | 002 || 708 | 1211523 

8220/17] .899806] 062|| 407] 1900151 |] 11820]17| |215936 | oo1 || 714 | 1215949 

8280}18| .906122}061]| 411] .906472 11880)18]} 219633 *00 720 | .220358 

8340/19] .912393]061|| 416] 1912748 || 11940|19] .224007 |. 998 || ver | (204735 

8400/20] .918618] 060]| 420] .918979 || 1200/20] (228360 | 997 || 733 | 229095 

8460/21 |6.924800] 059]| 424|6.925165 || 12060121 7.232691 | 996 || 739 7.293438 
8520/22] .930937|058|| 429] .931308 || 12120]22) 237000 | 995 || 745 | 237750 
8580/23} .937032| 057|| 433} 1937408 |] 12180]23| (241288 | 994 || 751 | (242046 

8640} 24] .948084| 056|| 437] .943465 12240 | 24| .245555 992 "57 | .246320 
8700} 25] .949094| 055|| 442] .949480 12300125] .249801 991 764 250574 
8760| 26] .955063| 054||446| .955455 || 12360126| 1254027 | 990 || 770 | ‘o54807 
8820| 27} .960991 | 054|| 451] .961388 || 12420|27| 258032 | 989 || v6 | ‘259019 

8880| 28} .966879| 053]| 455] .967281 || 12480128] 262416 | 987 || 783 | ‘263219 
8940} 29) .972727| 052|| 460| .973135 12540 |26] .266581 986 789 | .267384 
9000| 30] .978536| 051/| 464] .978949 || 12600|30| levove6 | og5 || 795 | ‘o71537 
9060! 31 |6.984306 | 050|| 469|6.984725 || 12660|31|7.274851 | 993 || soe |7.275669 
9120) 32} .990039 | 049/474] .990468 || 12720/32] 278056 | gga || 808 | ‘ovo783 
9180] 33 6.995733 | 048|| 478/6.996164 || 19780133 981 || 815 | .283877 

9240| 34|7.001391 | 047|| 483|7.001827 || 12840|34| [287110 | 990 || 8e1 | 287952 
9300] 35] .007012| 046|| 488] .007454 |! 12900|35| 1291158 | 97s || 828 | 292007 
9360) 36} .012597] 045|| 493) .013044 || 12960|36| 1995187 | gy7 || 835 | “296045 
9420/37] .018146| 044/| 497] .018599 || 13020|37| 1299197 | 976 || 841 | /300063 

9480/38} .023660/ 043/| 502] 024119 || 1308038] 1303190 | gra || 848 | 7304063 

9540} 39} .029139] 042/| 507] 029604 || 13140/39| 307164 | 973 || 855 | “308045 
9600) 40} .034584| 041// 512) .035054 || 13200/40| 1311119 | 972 || 861 | 7312009 
9660) 41 )7.039995 | 040||517)7.040471 || 18260|41|7.315057 | 970 || 868 |7.345955 
9720/42} .045372| 039]|522| .045854 || 13320/42| 1318977 | 969 || 875 | 319883 
9780| 43] .050716} 038]/527| 051204 |} 13380|43} |322880 | ggr || 8a2 | |323794 
9840} 44] .056028] 037|| 532| .056522 || 13440|44| 1326765 | 9¢¢ || 889 | 327687 
9900 45] .061307 | 036|| 537) .061807 |) 13500|45| 7330632 | 9¢5 || 896 | 1331563 

9960) 46} .066554| 035/|542| 067061 || 13560/46| 1334483 | 63 || 902 | “335498 

10020) 47} .071770| 034|| 547) .072282 13620|47| .338316 962 908 | .339264 
10080| 48] .076954/ 033|| 552) .077473 || 13680/48| 342133 | 96 || 916 | _343089 
10140| 49) .082108/ 032/| 557] .082633 || 13740149} |345933 | 959 || 928 | |346807 
10200/50| .087232) 031]| 562} .087763 || 13800/50| 1349716 | 958 || 930 | "350689 
20260 | 51 |7.092325 | 030|| 568)7.092862 |/ 13860|51/7.353483 | 956 || 938 |7.354464 
1032052) .097389| 029|| 573) .097932 || 13920/52] 1357233 | 955 || 945 | 358903 
10380|53| . 102423} 028|| 578] .102973 || 13980|53] 1360968 | 953 || 952 | 361966 
10440/54| .107428/ 027|| 584] .107985 || 14040|54| 7364686 | 952 || 959 | 365693 
10500/55] .112405} 026}/ 589] .112968 || 14100155] |368389 | 951 || 966 | 360404 
10560|56} .117853} 025|/ 594] .117922 |] 14160/56] |372076 | 949 || 973 | 373100 
10620'57) .122273/ 024|| 600] .122849 || 14220|57] |375747 | 948 || 981 | 376780 
10680) 58) .127165| 023/|605| 127748 || 14280/58] |379403 | g4¢ || 988 | /380444 
10740| 59) .182030] 022|| 611] .132619 || 14340/59| |383043 | 945 || 995 | /384004 
10800 60 7.136868] 021) | 616)7.137464 || 14400) 60/7-386665 | 943 || *03 [7.387728 

069*) 9.0712 






























































Vers. 


.390278 
393874 
897454 
-401020 
404571 
-408107 
-411629 
-415187 
418631 
422111 


7 AQ5577 
429029 
432467 
485892 
439303 
442701 
446086 
449458 
452816 
-456162 


7.459495 
462815 
-466122 
469417 
472699 
-475969 
479226 
-482472 
-485705 
488927 


7.492136 
-495333, 





SSSSSHESSA SSVVSRLSCR SSRBRBRLLEKL SSERATKRSLVE Somasamoweo| 


-550961 


51 | 7.553949 
52 | .556927 
53 | .559895 
54 | .562852 
55 | .565800 
56] .568737 
57 | .571665 
58 | .574583 
59 | _.577491 
60 | 7.580389 








7.886668 


AND EXTERNAL SECANTS 


ee 














Ex, sec. 


| 7.38728 | 


-891347 


7.460748 
464077 
467394 
-470699 
-473991 
-477270 
-480538 
483793 
487036 
-490267 


7.493487 
496694 
-499890 
503074 
506247 
-509408 








54.65 


52.88 
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5° 

Vers. | D.1’.| Ex. sec.|D. 1” 
7.580389 | 48.15 \7.582045 | 48.38 
-588278 | 47.98 | .584945,) 48.17 
.586157 | 47.82 | .587885,| 48.00 
-589026 | 47.67 | .590715 | 47.87 
.591886 | 47.52 | .593587 | 47.70 
-594787 | 47.385 | .596449 | 47.53 
-597578 | 47.20} .599801 | 47.38 
-600410 | 47.05 | .602144 | 47.25 
-603283 | 46.90 | .604979 | 47.08 
-606047 | 46.73 | .607804 | 46.92 
-608851 | 46.60 | .610619 | 46.78 
7.611647 | 46.43 |7.613426 | 46.63 
-614433 | 46.30 | .616224 | 46.48 
-617211 | 46.15 | .619013.| 46.85 
-619980 | 45.98 | .621794°| 46.18 
-622739 | 45.87 624565 | 46.05 
-625491 | 45.7 627828 | 45.90 
-628283 | 45.57 630082; | 45.75 
-630967 | 45.42 | .682827 | 45.62 
.633692 | 45.28 | .6385564 | 45.48 
.636409 | 45.13 | .688293 | 45.33 
7.689117 | 44.98 |’7.641013 | 45.18 
-641816 | 44.87 | 6438724 | 45.07 
-644508 | 44.72 | .646428 | 44.90 
-647191 | 44.57 649122'| 44.78 
649865 | 44.45 | .651809 | 44.65 
652532 | 44.30 | .654488 | 44.50 
655190 | 44.17 657158 | 44.37 
657840 | 44.05 | .659820 | 44.28 
-660483 | 43.90 | .662474 | 44.12 
-663117 | 43.77 | .665121 | 43.97 
7.665743 | 43.63 |7.667759 | 43.88 
-668361 | 43.50 | .670889 | 43.72 
-670971 | 43.38 | .678012 | 48.57 
-678574 | 48.23 | .675626 | 43.45 
-676168 | 43.12 | .678233 | 43.33 
6787. 42.98 | .680833 | 43.18 
.6813384 | 42.87 | .688424 | 43.07 
-683906 | 42.78 | .686008 | 42.95 
.686470 | 42.60 | .688585 | 42.82 
689026 | 42.48 | .691154 | 42.68 
4.691575 | 42.35 |7.698715 | 42.57 
.694116 | 42.23 | .696269 | 42.43 
.696650 | 42.12 | .698815 | 42.33 
699177 | 41.98 |. 701855 | 42.20 
-01696 | 41.87 | .703887 | 42.07 
- 704208 | 41.7 . 706411 | 41.97 
706712 | 41.63 | .708929 | 41.83 
709210 | 41.50 | .711439 | 41.72 
-711700 | 41.38 718942 | 41.60 
714183 | 41.27 | .716438 | 41.48 
”.716659 | 41.15 7.718927 | 41.37 
719128 | 41.03 721409 | 41.25 
721590 | 40.92 723884 | 41.18 
724045 | 40.80 7263852 | 41.02 
726493 | 40.68 728813 | 40.90 
728934 | 40.57 | .731267 | 40.78 
731868 | 40.47 738714 | 40.68 
733796 | 40.33 736155 | 40.57 


736216 
7.738630 








- 738589 
7.741016 


~156. TABLE XXVI.—LOGARITHMIC VERSED SINES 


























7 Vers. 
0 | 7.738630 
1 741038 
2 743438 
3 . 745832 
4 748219 
5 750600 
6 52974 
7 755342 
8 757703 
9 760058 
10 762406 
11 | 7.764749 
12 - 767084 
13 .'769414 
14 T1737 
15 «774054 
16 - 776365 
27 «778670 
18 - 780968 
19 - 783261 
20) .785547 
21 | 7.787828 
22 - 790102 
23 792371 
24 - 794633 
25 - 796890 
26 - 799141 
27 801385 
28 .803625 
29 . 805858 
30 | .808086 
31 | 7.810308 
32 812524 
33 | .814734 
34 | .816939 
35 .819139 
36 -821332 
37 823521 
88 | .825708 
39 -827880 
40 -830052 
41 | 7.832218 
42 834379 
43 -836535 
44 | .838685 
45 -840830 
46 .842969 
Vy -845104 
48 | .847233 
49 -849357 
50 | .851475 
51 | 7.853589 
52 .855697 
53 .857800 
54 | .859898 
55 | .861991 
56 .864079 
57 .866162 
58 .868240 
59 .870313 
60 | 7.672381 


ESE | Se a ie 


6° 


D. 1’. | Ex. sec. | D. 1". 


40.13 | 7.741016 


39.13 | .762565 
39.05 | .764927 
88.92 | 7.767282 


88.10 | .785905 
88.02) .788206 


37.90 | 7.'790500 
87.82 |  .792789 


37.03 | 810886 


36.93 | 7.818128 
36.83 | .815353 
36.75 | .817578 
86.67 | .819798 
86.55 | .822012 
36.48 | .824220 
36.37 | .826423 
36.28 | .828620 
86.20 | .830812 
86.10 | .832999 
36.02 | 7.835180 


35.93 | 837356 
35.83 | .839526 


35.75 | .841691 
35.65 | .848851 
85.58 | .848005 
35.48 | .848155 
35.40 | .850299 
85.30 | .852437 
35.23 | .854571 
35.13 | 7.856700 


35.05 | .858823 
34.97 | .860942 


34.88 | .863055 
84.80 | .865163 
84.72 | 867266 


84.63 | .869365 
34.55 | .871458 
34.47 | .873546 
34.38 | 7.875630 














40.33 
































7° 
‘ Vers. | D. 1’, | Ex. sec. 
0 | 7.872881 | 84.88 |7.875630 
1 .874444 | 34.30 | .877708 
2 .876502 | 84.22 | .879782 
3 .878555 | 34.13 | .881851 
4 | .880603 | 34.07 | .883915 
5 .882647 | 33.98 | .885974 
6 -884686 | 33.90 | .888029 
ff .886720 | 33.82 | .890078 
8 -888749 | 33.73 | .892123 
9 .890773 | 33.67 | .894164 
10 -892793 | 33.58 | .896199 
11 | 7.894808 | 33.50 |7.898230 
12 -896818 | 33.43 | .900256 
13 -898824 | 33.35 } .902278 
14 -900825 | 33.27 | .904295 
15 - 902821 | 33.20 | .906307 
16 -904813 | 33.12 | .908315 
17 - 906800 | 33.05 | .910319 
18 -908783 | 32.97 | .912317 
19 -910761 | 82.90 | .9143812 
20 -912785 | 82.82 | .916302 
21 | 7.914704 | 32.73 |7.918287 
22 - 916668 | 82.68 | .920268 
23 -918629 | 82.58 | .922245 
24 -920584 | 82.53 | .924217 
25 - 922586 | 82.45 | .926184 
26 - 924483 | 32.37 | .926148 
27 -926425 | 32.32 | .930107 
28 - 928364 | 32.22 | .932062 
29 -930297 | 82.17 | .984012 
80 | .932227 | 82.08 | .985958 
81 | 7.934152 | 32.02 |7.937900 
382 -936073 | 81.95 | .989838 
33 - 937990 | 31.88 | .941772 
84 -939903 | 31.80 | .943701 
85 -941811 | 31.73 | .945626 
86 -943715 | 81.67 | .947547 
87 -945615 | 31.60 949464 
88 -947511 | 81.52 951376 
39 -949402 | 31.47 | .9538285 
40 | .951290 | 31.38 | .955189 
44 | 7.953173 | 81.32 |'7.957090 
42 -955052 | 81.27 | .958986 
43 -956928 | 31.18 | .960878 
44 -958798 | 31.12 | .962767 
45 -960666 | 81.05 | .964651 
46 - 962529 | 80.98 | .966531 
47 - 964888 | 80.92 | .968408 
48 - 966243 | 30.85 | .970280 
49 - 968094 | 80.78 | .972148 
50 | .969941 | 30.73 | .974013 
51 | 7.971785 | 80.65 |7.975874 
52 - 973624 | 80.58 | .977730 
53 - 975459 | 80.53 | .979583 
54 977291 | 80.45 | .981432 
55 -979118 | 30.40 | .983277 
56 -980942 | 30.38 | .985119 
57 -982762 | 80.27 | .986956 
58 -984578 | 30.22 | .988790 
59 -986391 | 30.13 | .990620 
60 | 7.988199 | 80.08 |7.992446 


IDA ie be 


33 pereeeeree:| 
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AND EXTERNAL SECANTS 























g° 

4 Vers. | D. 1". | Ex. sec. | D. 1’. 
0 | 7.988199 | 30.08 | 7.992446 | 30.38 
1 .990004 | 30.02 994269 | 30.32 
2 -991805 | 29.95 996088 | 30.25 
3} .993602 | 29.88 997903 | 30.18 
4 .995395 | 29.83 | 7.999714 | 30.13 
5 -997185 | 29.77 | 8.001522 | 30.07 
6 | 7.998971 | 29.72 003326 | 30.00 
7 | 8.000754 | 29.63 005126 | 29.95 
8 -002532 | 29.60 006923 | 29.88 
9 .004308 | 29.52 008716 | 29.88 
10 -006079 | 29.47 010506 | 29.77 
11 | 8.007847 | 29.40 | 8.012292 | 29.”0 
12 -009611 | 29.35 -014074 | 29.65 
13 .0113872 | 29.28 -015853. | 29.58 
14 | .018129 | 29.22 | .017628 | 29.53 
15 .014882 | 29.17 -019400 | 29.47 
(«16 .016632 | 29.10 .021168 | 29.42 
17 .018878 | 29.05 -022933 | 29.85 
18 -020121 | 29.00 -024694 | 29.30 
19 .021861 | 28.93 .026452 | 29.23 
20 -023597 | 28.87 -028206 | 29.18 
21 | 8.025329 | 28.82 | 8.029957 | 29.18 
22 .027058 | 28.75 -081705 | 29.07 
23 -028783 | 28.70 -033449 | 29.00 
24 -030505 | 28.65 -085189 | 28.97 
25 -082224 | 28.58 -036927 | 28.90 
26 -033939 | 28.53 .038661 | 28.83 
27 .0385651 | 28.47 -040391 | 28.78 
28 037359 | 28.42 -042118 | 28.73 
29 .039064 | 28.37 -043842 | 28.68 
30 -040766 | 28.30 -045563 | 28.62 
81 | 8.042464 | 28.25 | 8.047280 | 28.57 
| 82 -044159 | 28.20 -048994 | 28.50 
33 -045851 | 28.13 -050704 | 28.47 
34 | .047539 | 28.08 | .052412 | 28.40 
85 -049224 | 28.03 -054116 | 28.35 
36 -050906 | 27.98 -055817 | 28.28 
ot .052585. | 27.92 -057514 | 28.25 
38 .054260 | 27.87 -059209 | 28.18 
389 .0559382 | 27.82 -060900 | 28.13 
40 .O57601 | 27.75 -062588 | 28.08 
41 | 8.059266 | 27.72 | 8.064273 | 28.08 
42 | .060929 | 27.65 | .065955 | 27.97 
43 .062588 | 27.60 .067633 | 27.93 
44 -064244 | 27.55 .069309 | 27.87 
45 .065897 | 27.48 070981 | 27.82 
46 -067546 | 27.45 .072650 | 27.77 
47 -069193 | 27.38 -074316 | 27.72 
48 .070836 | 27.33 .O75979 | 27.67 
49 .072476 | 27.30 -077639 | 27.60 
50 .074114 | 27.238 -079295 | 27.57 
51 | 8.075748 | 27.18 | 8.080949 | 27.52 
52 .077379 | 27.13 -082600 | 27.45 
53 -079007 | 27.07 -084247 | 27.42 
54 -080631 | 27.03 .085892 | 27.37 
55 -082253 | 26.98 .0875384 | 27.30 
56 -083872 | 26.93 089172 | 27.27 
57 -085488° | 26.87 090808 | 27.20 
58 -087100 | 26.83 -092440 | 27.17 
59 | .088710 | 26.78 | .094070 | 27.12 
60 | 8.090317 | 26.72 | 8.095697 | 27.05 





~ 
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Vers. 


8.090317 


-091920 
098521 
-095119 
-096714 
-098805 
-099894 
-101480 
- 103064 
104644 
-106221 


8.107796 
- 109367 
- 110936 
- 112502 
- 114065 
- 115625 
117182 
-118737 
- 120289 
- 121888 


8.123384 
124927 
- 126468 
- 128006 
129541 
-181074 
. 182604 
184131 
- 135655 
187177 


8.188696 
- 140212 


8.153741 
155231 
156718 
- 158203 
159686 
- 161166 
- 162643 
164118 
. 165590 
167060 


8.168527 
-169992 
171454 
172914 
174872 
175827 
177279 
178729 

180177 

8.181622 





24.42 


24.20 





24.05 


Ex. sec. 


8.095697 


097320 
098941 
100559 
102174 
- 103786 
- 105895 
107001 
108605 
110205 
111808 


8.118398 
. 114990 
116579 
118166 
.119749 
121330 
122908 
124483 
-126056 
-127626 


8.129193 
180757 


8.144714 
- 146252 
147787 
149319 
150849 
152376 
- 153900 
- 155422 
- 156942 
158458 


8.159973 


.167506 
- 169005 
170502 
-171996 
173488 
8.174977 
176464 
177948 
179430 
- 180909 
182886 
183861 
185333 
. 186803 





8.188271 


157 
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158 TABLE XXVI.—LOGARITHMIC VERSED SINES 

















——— 
10° 
, Vers. | D. 1’. | Ex, sec. | D. 1 
0 } 8.181622 | 24.05 | 8.188271 | 24.42 
1 .183065 | 24.00 189736 | 24.37 
2 .184505 | 23.97 191198 | 24.35 
3 .185943 | 23.93 192659 | 24.30 
4 1873879 | 23.88 194117 | 24.25 
5 .188812 | 23.85 195572 | 24.22 
6 .190243 | 23.80 197025 | 24.18 
v¢ .191671 | 23.77 198476 | 24.15 
8 .193097 | 23.73 .199925 | 24.10 
9 -194521 | 23.68 -201871 | 24.07 
10 195942 | 23.65 -202815 | 24.03 
11 | 8.197361 | 23.62 | 8.204257 | 23.98 
12 198778 | 23.57 -205696 | 23.95 
13 | .200192 | 23.53 | .207133 | 23.92 
14] .201604 | 23.50 -208568 | 23.88 
15 -203014 | 23.45 -210001 | 23.83 | 
16 -204421 | 23.42 -211431 | 23.80 
ig -205826 | 23.38 -212859 | 23.77 
18 -207229 | 23.35 -214285 | 23.72 
19 -208630 | 23.30 .215708 | 23.'70 
20 |} .210028 | 23.27 -217180 | 23.65 
21 | 8.211424 | 23.23 | 8.218549 | 23.62 
22 -212818 | 23.18 .219966 | 23.57 
23 .214209 | 23.17 -221380 | 23.55 
24 -215599 | 23.12 .222793 | 23.50 
25 -216986 | 23.08 ~224203 | 23.47 
26 -218371 | 23.03 225611 | 23.43 
27 -219753 | 23.00 -227017 | 23.40 
28 -221183 | 22.98 -228421 | 23.35 
29 .222512 | 22.93 -229822 | 23.32 
30 -228888 | 22.88 .231221 | 23.30 
31 | 8.225261 | 22.87 | 8.232619 | 23.25 
82 | 226633 | 22.82 | .234014 | 23.22 


Be 
= 


33 | .228002 | 22.78 | .235407 
84 | .229369 | 22.77 236797 | 23.15 
85 | .230735 | 22.70 | .238186 | 23.10 
86 | 232097 | 22.68 | .239572 | 23.08 
87 | .283458 | 22.65 |} .240957 | 23.03 
88 | .234817 | 22.60 | .242339 | 23.00 
82} .236173 | 22.57 | .248719 | 22.97 
40 | .237527 | 22.55 | .245097 | 22.93 


41 | 8.238880 | 22.50 | 8.246473 | 22.90 
42 | 240230 | 22.47 | .247847 | 22.87 
43 | 241578 | 22.43 | .249219 | 22.83 
44 | 242924 | 22.38 | .250589 | 22.80 
45 | 244967 | 22.37] .251957 | 22.75 
46] .245609 | 22.32 | .253322 | 22.73 
47 | 246948 | 22.30 | .254686 | 22.68 
48 | .248286 | 22.25 | 256047 | 22.67 
49 | 249621 | 22.23] .257407 | 22.62 
50] .250955 | 22.18 | .258764 | 22.60 


51 | 8.252286 | 22.15 | 8.260120 | 22.55 
52 | .258615 | 22.12] .261473 | 22.53 
53] .254942 | 22.10 | .262825 | 22.48 
54] 1256268 | 22.05 | .264174 | 22.47 











59 | 1262863 | 21.88 | -270892 | 22/28 
60 | 8.264176 | 21.85 | 8.272229 | 22.27 


























d Vers. 
0 | 8.264176 
1 | .265487 
2 266796 
3 .268103 
4 - 269408 
5 270711 
6 -272012 
Cf -273311 
8 | .274608 
9 -275903 

10| .2?71 
11 | 8.278488 
12 279007 
13 -281065 
14 -282350 
15 283634 
16 -284916 
17 -286196 
18 -287473 
19 -288749 
20 -290024 
21 | 8.291296 
22 + 292566 
23 -293835 
24 -295101 
25 -296366 
26} .297629 
27 | .298890 
28 -800149 
29 -301406 
80} .802662 
31 | 8.303916 
32 -805167 
33 -806418 
34] .807666 
85} .808912 
86 -810157 
37 -811400 
38 -812641 
39 | .318880 
40 -815117 
41 | 8.316353 
42} .317587 
43 -818819 
44 -820049 
45 -321278 
46 | .822505 
47 -823730 
48} .824953 
49 826175 
50 -827395 
51 | 8.328613 
52 -829829 
53 | .831044 
54 | .832257 
55 | .333468 
56 | .334678 
57 .835886 
58 | .337092 
59 -888296 
60 | 8.339499 











T° 
D. 1", | Ex. see. 
21.85 (8.272229 
21.82 | .273565 
21.78 | .274898 
21.75 | ~.276230 
21.72 | .20°7560 
21.68 | .278888 
21.65 | .280213 
21.62 | .281537 
21.58 | .282859 
21.57 | .284179 
21.52 | .285498 
21.48 |8.286814 
21.47 | .288128 
21.42 | .289441 
21.40 | .290751 





21.87 | .292060 
21.83 | .298367 
21.28 | .294672 
21.27 | .295975 
21.25 | .297276 


21.20 | .298576 
21.17 |8.299873 
21.15 | .3801169 
21.10 | .802463 
21.08 | .803755 
21.05 | .805045 
21.02 | .806334 
20.98 | .807620 
20.95 | .808905 
20.93 | 1810188 
20.90 | .811469 
20.85 |8.312749 
20.85 | .814026 


20.80 | .815302 


20.48 | 1829220 
20.45 | .830475 
20.42 | .831728 
20.38 | .832980 
20.87 | .834229 
20.33 | .8385477 
20.30 | .836724 





20.27 |8.337968 
20.25 | .839211 


20.22 | .840453 
20.18 | .841692 
20.17 | .342930 
20.13 | .844166 
20.10 | .348401 
20.07 | .3846634 
20.05 | .347865 
20.02 18.349095 


i) 





EEERSERS 
SS2eaEEsl 


ee 
oo 
RBS 


o) 
4 
a) 
Se 





20.78 
20.73 


20.72 
20.70 
20.65 


20.60 
20.58 
20.55 
20.52 
20.50 
20.47 





AND EXTERNAL SECANTS . 




















415461 
446603 
417745 
418885 
18.47 | 8.420024 











12° 

4 | Vers.) D, 1". | Ex. sec. | D. 1° 
0 | 8.339499 | 20.02 | 8.849095 | 20.47 
1 3840700 | 20.00 -850823 | 20.43 
2 341900 | 19.95 -851549 | 20.42 
3 -38438097 | 19.95 280277. 20.38 
4 -844294 | 19.90 -8538997 | 20.35 
5 -345488 | 19.88 -805218 | 20.383 
6 -846681 | 19.85 -856438 | 20.30 
q 34787. 19.82 .857656 | 20.28 
8 349061 | 19.80 -858873 | 20.25 
9 850249 | 19.77 860088 | 20.22 
10 351485 | 19.75 -8613801 | 20.20 
‘11 | 8.352620 | 19.72 | 8.862513 | 20.18 
12 -808803 | 19.68 -868724 | 20.18 
13 .854984 | 19.67 -864982 | 20.12 
14 .856164 | 19.63 -866139 | 20.10 
15 .857842 | 19.60 -867345 | 20.07 
16 .858518 | 19.58 .868549 | 20.03 
17 | .859693 | 19.55 .869751 | 20.02 
18 -860866 | 19.53 -870952 | 19.98 
19 -8620388 | 19.50 -872151 | 19.95 
20 | .3638208 | 19.48 -873348 | 19.95 
21 | 8.364877 | 19.43 | 8.874545 | 19.90 
22 -8655438 | 19.48 .3875739 | 19.88 
23 366709 | 19.38 .876932 | 19.85 
24 367872 | 19.37 .3878123 | 19.83 
25 369034 | 19.35 .879313 | 19.82 
26 870195 | 19.32 -880502 | 19.78 
27 871354 | 19.28 .881689 | 19.75 
28 872511 | 19.27 .882874 | 19.73 
29 373667 | 19.25 .3884058 | 19.70 
30 874822 | 19.20 ~885240 | 19.68 
81 | 8.875974 | 19.18 | 8.386421 | 19.65 
32 2877125 | 19.17 -887600 | 19.63 
33 .878275 | 19.13 -3888778 | 19.60 
34 -879423 | 19.12 -3889954 | 19.58 
35 -880570 | 19.08 891129 | 19.55 
36 -881715 | 19.05 . 3892302 | 19.53 
37 ~882858 | 19.03 -893474 | 19.50 
38 -884000 | 19.02 .894644 | 19.48 
39 -885141 | 18.98 -895813 | 19.45 
40 .886280 | 18.95 396980 | 19.43 
41 | 8.887417 | 18.93 | 8.398146 | 19.42 
42 -888553 | 18.92 -899311 | 19.38 
43 .889688 | 18.88 -400474 | 19.35 
44 -890821 | 18.85 -401635 | 19.83 
4 -891952 | 18.83 -402795 | 19.32 
46 -893082 | 18.82 -403954 | 19.28 
47 .894211 | 18.78 .405111 | 19.27 
48 .895838 | 18.75 -406267 | 19.23 
49 -896463 | 18.73 .407421 | 19.22 
50 -897587 | 18.72 .408574 | 19.18 
51 | 8.398710 | 18.68 } 8.409725 | 19.17 
52 .899831 | 18.67 410875 | 19.18 
53 400951 | 18.63 412023 | 19.13 
54 402069 | 18.62 413171 | 19.08 
55 403186 | 18.58 414316 | 19.08 





18° 

” Vers. | D. 1”. | Ex. sec. 
0 | 8.408748 | 18.47 '8.420024 
1| | .409856 | 18.43-| .421161 
2] .410962 | 18.42 | .422297 
3} .412067 | 18.40 | .423431 
4} .418171 | 18.88 | .424564 
5 | .414274 | 18.85 | .425696 
6 | .415375 | 18.32.} .426826 
7 | .416474 | 18.30 | .427955 
8 | 417572 | 18.28 | .429083 
9| .418669 | 18.25 | .480209 
10 | .419764.| 18.28 | .431384 
11 | 8.420858 | 18.22° 18. 432458 
12 | .421951.| 18.18 | .433580 
13} .423042 | 18.17 | .434700 
14 | .424132 | 18.13 | .435820 
15 | .425220 | 18.12 | .436988 
16} .426807 | 18.10 | .488055 
17 | .427393 | 18.07 | .439170 
18 | .428477 | 18.05 | .440284 
19 | .429560 | 18.02 | .441397 
20 | .430641 | 18.02 | .442509 
21 | 8.431722 | 17.97 |8.443619 
22 | .432800 | 17.97 | .444797 
23 | 433878 | 17.93 | .445835 
24 | .434954 | 17.92 | .446941 
25 | .436029 | 17.88 | .448046 
26 | .437102 | 17.87 | .449149 
27 | .438174 | 17.85 | .450252 
28 | .439245 | 17.82 | .451353 
29| .440314 | 17.80 | .452452 
30 | .441382 | 17.78 | .453551 
31 | 8.442449 | 17.75 |8.454648 
82] .443514 | 17.73 | .455743 
83] .444578 | 17.72 | .456838 
34] .445641 | 17.68 | .457931 
85 | .446702 | 17.68 | .459023 
36 | .447763 | 17.63 | .460114 
87 | .448821 | 17.63 | .461203 
88 | .449879 | 17.60 | .462291 
89 | .450935 | 17.58 | .463378 
40 | .451990 | 17.55 | .464464 
41 | 8.453043 | 17.55 8.465548 
42} .454096 | 17.52 | .466631 
43) .455147 | 17.48 | .467713 
44| .456196 | 17.48 | .468793 
45 | .457245 | 17.45 | .469873 
46 458292 | 17.43 | .470951 
47 | ,459388 | 17.40 | .472028 
48 | .460382 | 17.40 | .473103 
49 | .461426 | 17.87 | .474177 
50 | .462468 | 17.85 | .475251 
51 | 8.463509 | 17.32 |8.476322 
52| .464548 | 17.80 | 1477393 
53] .465586 | 17.28 | .478463 
541 .466628 | 17.27 | .479531 
55 | .467659 | 17.23 | .480598 


























17.28 
17.20 
17.17 
17. 854 
17.18 |8.485915 
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14° 

# |rVers. «| D.t.)Exasec! | D.1". 
0 | 8.472819 | 17.13 | 8.485915 | 17.67 
1| .473847 | 17.12 | .486975 | 17.63 
2) .474874 | 17.10 } .488033 | 17.63 | 
3 | .475900 | 17.08 | .489091 | 17.60 
4] .476925 | 17.05 | .490147 | 17.58 
5 | .477948 | 17.03 | .491202 | 17.57 
6 | .478970 | 17.02 | .499256 | 17.53 
7%} .479991 | 17.00 | .498808 | 17.53 
8} .481011 | 16.97 | .494360 | 17.50 
9 | .482029 | 16.95} .495410 | 17 48 
10 | .488046 | 16.93] .496459 | 17.47 
11 | 8.484062 | 16.92 | 8.497507 | 17.45 
12] .485077 | 16.90 | .498554 | 17.43 
13 | .486091 | 16.87 | 499600 | 47.40 
14| .487103 | 16.87] .500644 | 17.38 
15 | .488115 | 16.83] .501687 | 17.38 
16 | .489125 | 16.82 | .502780 | 17.35 
17 | .490134 | 16.78 | .508771 | 17.32 
18 | .491141 | 16.78 | .504810 | 17.32 
19 | .492148 | 16.75 | .505849 | 17.30 
20 | .493153 | 16.73 | .506887 | 17.27 
21 | 8.494157 | 16.72 | 8.507928 | 17.25 | 
221 495160 | 16.7 -508958 | 17.25 | 
23 | .496162 | 16.67 | .509993 | 17.22 
24 | .497162 | 16.67 | .511026 | 17.18 | 
25 | .498162 | 16.63 | .512057 | 17.18 
26 | .499160 | 16.62 | .513088 | 17.17 
27 | .500157 | 16.60 | .5141148 | 17.13 
28} .501153 | 16.58 | .515146 | 17.13 
29} .502148 | 16.57 | .516174 | 17.10 | 
80 | 503142 | 16.53 | .517200 | 17.08 
31 | 8.504184 | 16.52 | 8.519225 | 17.07 
82 | .505125 | 16.52 | .519249 | 17.05 
83 | .506116 | 16.48 | 520272 | 17.08 
84} .507105 | 16.45 | .521294 | 17.02 
85 | .508092 | 16.45 | .522315 | 16.98 
36 | .509079 | 16.43 | .523884 | 16.98 
87 | .510065 | 16.40 | .524353 | 16°95 
88 | .511049 | 16.40 | .525370 | 16.95 
89 | .512033 | 16.37 | .526387 | 16.92 
40 | .513015 | 16.35 27402 | 16.90 
41 | 8.518996 | 16.83 | 8.528416 | 16.88 
42 | 514y76 | 16.32} .529429 | 16 87 
43} .515955 | 16.28 | .5380441 | 16.85 | 
44} .516932 | 16.28 | .531452 | 16.83 | 
45} .517909 | 16.25 | .532462 | 16.82 
46 | .518884 | 16.25 | .533471 | 16°71 
47 | .519859 | 16.22 | .5384478 | 16 (7 
48 | .520832 | 16.20 | .535485 | 16/7 
49 | .521804 | 16.18 | .586490 | 16/7 
50 | .522775 | 16.17 | .587495 | 16.72 
51 | 8.523745 | 16.15 | 8.588498 | 16.72 
52] .524714 | 16.13 | .539501 | 16.68 
53 | .525682 | 16.10 | .540502 | 16.67 
54] .526648 | 16.10] .541502 | 16.65 
55 | .527614 | 16.07 | .542501 | 16.63 
56 | .528578 | 16.07 | .543499 | 16/63 
57] 529542 | 16.03 | .544497 | 16.60 
58} .580504 | 16.02 | 545493 | 16.58 
59 | .531465 | 16.00} 546488 | 16.57 
60 | 8.582425 | 15.98 | 8.547482 | 16.53 


eee 



































ee 


— 








Vers. 


8.582425 


-5383384 
534342 
-535209 
586255 
-537210 
-538163 
-589116 
-540068 
-541018 
-541968 


8.542916 
-543863 
-544810 
-545755 
-546699 
-547642 
548584 
-549525 
550465 
-551404 


8.552342 
-553279 
554215 
-555150 
-556084 
-557017 
557949 
-558879 
-559809 
-560738 


8.561666 
-562592 
-563518 
564443 
-565367 
-566289 
-567211 
-568132 
-569052 
-569970 


8.570888 
-571805 
STRTQ1 
-573636 
' 57 4549 
575462 
576374 
T7285 
578195 
-579104 


8.580012 
-580919 
581825 
-582730 
-583634 
-584537 
-585440 
-586341 
87241 

8.588141 








D. 1". | Bx. see. D. 1°, 





15.98 8.547482 | 16.53 
15.97 | .548474 | 16.58 
15.95 | .549466 | 16.59 
15.93 | .550457 | 16.50 
15.92 | .551447 | 16.48 
15.88 | .552436 | 16.47 
15.88 | .553424 | 16.43 
15.87 | .554410 | 16.48 
15.83 | .555396 | 16.42 
15.83 py 16.38 
15.80 7364 | 16.38 


15.78 8.558347 16.387 
15.78 | .559829 | 16.33 
15.75 | .560309 | 16.33 
15.73 | .561289 | 16.30 
15.72 | .562267 | 16.30 
15.70 | .563245 | 16.28 
15.68 | .564222 | 16.25 
15.67 | .565197 | 16.25 
15.65 | .566172 | 16.22 
15.63 | .567145 | 16.22 


15.62 |8.568118 | 16.20 
15.60 | .569090 | 16.17 
15.58 | .570060 | 16.17 
15.57 | .571080 | 16.15 
15.55 | .571999 | 16.12 
15.58 | .572966 | 16.12 
15.50 | .573983 | 16.10 
15.50 | .574899 | 16.08 
15.48 | .575864 | 16.05 
15.47 | .576827 | 16.05 


15.43 |8.577790 | 16.038 
15.43 | .578752 | 16.02 
15 42 | .579713 | 16.00 
15.40 | .580673 | 15.98 
15.87 | .5816382 | 15.97 
15 87 | .582590 | 15.95 


15.13 | 1595902 | 15.73 


15.12 |8.596846 | 15.7 

15.10 | .597789 | 15.7 

15.08 | .598731 | 15.68 
15.07 | .599672 | 15.67 
15.05 | .600612 | 15.65 
15.05 | .601551 | 15.65 
15.02 | .602490 | 15.62 
15.00 | .603427 | 15.60 
15.00 | .604363 | 15.60 
14.97 [8.605299 | 15.58 














AND EXTERNAL SECANTS 
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16° 

’ Vers. | D. 1’. | Ex. sec. 

0 | 8.588141 | 14.97 | 8.605299 

1 .589039 | 14.95 - 606234 

2 .589936 | 14.95 607167 

3 -590833 | 14.93 608100 

4 .591729 | 14.90 609032 

5 .592623 | 14.90 609963 

6 .593517 | 14.88 610893 

va .594410 | 14.87 611823 

8 .595302 | 14.83 612751 

9 .596192 | 14.83 613678 
10 .597082 | 14.82 614605 
11 | 8.597971 | 14.82 | 8.615531 
12 | .598860 | 14.78 .616456 
13 .599747 | 14.77 .617379 
14 .600533 | 14.75 - 618302 
15 -601518 | 14.75 - 619225 
16 -602403 | 14.72 -620146 
17 -603286 | 14.72 .621066 
18 -604169 | 14.70 - 621986 
19 .605051 | 14.67 .622904 
20 -605931 | 14.67 - 623822 
21 | 8.606811 | 14.65 | 8.624739 
22 -607690 | 14.63 .625655 
23 -608568 | 14.62 - 626570 
24 .609445 | 14.60 - 627484 
25 -610321 | 14.60 -628398 
26 -611197 | 14.57 - 629310 
27 -612071 | 14.57 - 630222 
28 -612945 | 14.53 .631183 
29 -613817 | 14.53 .632043 
30 -614689 | 14.52 632952 
31 | 8.615560 | 14.50 | 8.633860 
32 -616430 | 14.48 -634768 
83 -617299 | 14.47 - 635674 
34 -618167 | 14.45 - 636580 
30 .619034 | 14.45 - 637485 
36 .619901 | 14.42 . 638389 
37 .620766 | 14.42 . 639292 
38 .621631 | 14.40 .640195 
39 .622495 | 14.38 . 641096 
40 | .623358 | 14.37 | .641997 
41 | 8.624220 | 14.35 | 8.642897 
42 | .625081 | 14.33 .643796 
43 .625941 | 14.33 .644694 
44 .626801 | 14.30 .645591 
45 -627659 | 14.30 -646488 
46 628517 | 14.28 - 647384 
47 .629374 | 14.27 -648279 
48 .630280 | 14.25 .649173 
49 .631085 | 14.23 . 650066 
BO | .631989 | 14.22 | 650958 
51 | 8.632792 | 14.22 | 8.651850 
52 .633645 | 14.18 652741 
53 .634496 | 14.18 653631 
5A -635347 | 14.17 - 654520 
55 .636197 | 14.15 - 655408 
56 .637046 | 14.13 - 656296 
57 -637894 | 14.13 .657182 
58 .638742 | 14.10 . 658068 
59 .639588 | 14.10 658954 
60 | 8.640434 | 14.08 | 8.659838 

















14.72 











Vers. 


8.640434 
-641279 
-642123 
642966 
643809 
644650 
645491 
-646331 
-647170' 
-648008 
-648845 


8.649682 
-650518 
.6513853 
-652187 
-653020 
- 653852 
-654684 
-655515 
-656345 
-657174 


8.658003 
.658830 
-659657 
-660483 
-661308 
-662132 
- 662956 
-663779 
-664601 
-665422 


8.666242 
-667062 
667881 
- 668699 
-669516 
-670332 
-671148 
-671963 
672777 
673590 

8.674403 
- 675215 
676026 
-676836 
-677645 
-678454 
- 679262 
.680069 
680875 
681681 


8.682486 
683290 
684093 
684896 
-685697 
686498 

- .687299 
. 688098 

.688897 

8.689695 














13.32 
13.28 





Ex. sec. 


'8. 659838 


.660721 
.661604 
662486 
-663367 


-673008 
-673879 
.674750 
-675620 
-676490 
677358 


8.678226 
-679093 
-679960 
- 680825 
-681690 
682554 
683417 
-684280 
-685141 
-686002 


8.686863 
687722 
-688581 
-689439 
-690296 
-691153 
-692008 
- 692863 
693718 
694571 


8.695424 
696276 
-697127 
.697978 
. 698828 
-699677 
- 700525 
-701378 
- 702220 
. 703066 


8.703912 
- 704756 
- 705600 
- 106444 
- 107286 
. 708128 
-708969 
- 709810 
- 710650 





8.711489 


14.47 
14.45 


13.98 





13.97 







































































162 TABLE XXVI.—LOGARITHMIC VERSED SINES 
18° 19° 

, Vers. | D. 1". | Ex. sec. | D. 1’. U Vers. | D. 1". | Ex. sec.|D. 1" 
0 | 8.689695 | 13.28 | 8.711489 | 13.97 || 0 | 8.736248 | 12.58 8.760578 | 13.30 
1] .690492 | 13.28 | .7123e7 | 13.95 || 1| 737003 | 12.57 | .761376 | 13.30 
2} .691289 | 13.25 | 713164 | 13.95 || 2| lv3z7757 | 12.55 | {762174 | 13/98 
8] 692084 | 13.25] 714001 | 13.95 || 3] [738510 | 12.55 | .7e2971 | 13.97 
4} .692879 | 13.25 | .714838 | 13.92 || 4| .739263 | 12.53 | ‘veaz7e7 | 13.27 
5 | 693674 | 13.22 | .715673 | 13.92 || 5 | :740015 | 12.52 | {764563 | 13 25 
6 | .694467 | 13.22 | [716508 | 13.90 || 6 | 740766 | 12.50 | -765858 | 13.23 
7 | 1695260 | 13.20 | 717342 | 13.88 || 7| 741516 | 12.50 | ‘766152 | 13.23 
' 8! 696052 | 13.18 | ‘718175 | 13.88 || 8 | 742266 | 12.50 | -ves046 | 13.22 
9| 696843 | 13.18 | 719008 | 13.87 || 9] 743016 | 12.47 | “ve7739 | 13.20 
46 | 1697634 | 13.17 | 719840 | 13.85 || 10] .743764 | 12.47 | °768531 | 13.20 
1 | 8.698424 | 13.15 | 8.720671 | 13.85 |] 11 | 8.744512 | 12.45 |8.769893 | 13.18 
12} .699213 | 13.13 | .721502 | 13.83 || 12 | 745259 | 12.45 | {770114 13.48 
13 | .700001 | 13.13 | .722832 | 13.82 || 13] 746006 | 12.43 | ‘7v0905 | 13. 
14} .700789 | 13.12 | 723161 | 13.80 |] 14] ‘746752 | 12.42 | ‘771695 | 13.15 
15} 701576 | 13.10 | .723989 | 13.80 |] 15 | ‘747497 | 12.42 | ‘77e4s4 | 13.15 
16 | .702362 | 13.08] .724817 | 13.78 || 16 | 748242 | 12.40 | ‘773973 | 13.13 
17 | .703147 | 13.08 | 1725644 | 13.78 || 17 | ‘7489086 | 12.38 | ‘774061 | 13.13 
18 | .703982 | 13.07 | .726471 | 13.77 || 18 | 749729 | 12.38 | {774949 | 13°12 
19} .704716 | 13.05 | .727297 | 13.75 || 19 | 750472 | 12.37 | ‘775636 | 13.10 
20} .705499 | 13.05 | .728122 | 13.73 || 20 | 751914 | 12.85 | ‘776402 | 13.08 
21 | 8.706282 | 13.02 | 8.728946 | 13.73 || 21 | 8.751955 | 12.35 |g. 777207 | 13.10 
22} .707063 | 13.02] .729770.| 13.72 || 22 | 752696 | 12.33 | ‘777993 | 13/07 
23 | .707844 | 13.02 | .730593 | 13.70 || 23 | 753486 | 12.32 | ‘778777 | 13 07 
24| 708625 | 12.98] .731415 | 13.70 || 24 | {754175 | 12.32 | “779561 | 13.05 
25 | .709404 | 12.98 | .732237 | 13.68 || 25 | .754914 | 12°30 | ‘790344 | 13.05 
26} .710183 | 12.97 | 733058 | 13.67 || 26 | {755652 | 12.28 | “7s1197 | 13.03 
27 | .710961 | 12.97 | .738878 | 13.67 || 27 | ‘756389 | 12.28 | ‘781909 | 1302 
28 | .711739 | 12.95 | 1734608 | 13.65 || 28 | ‘757196 | 12/27 | “782690 | 13.02 
29} .712516 | 12.93 | .735517'| 13.63 || 29 | {zs7gee | 12/97 | ‘793471 | 13. v0 
80 | .718292 | 12.92 | .736335 | 13.63 || 30 | 1758598 | 12.25 | ‘784251 | 13/00 
81 | 8.714067 | 12.92 | 8.737153 | 13.62 || 31 | 8.759338 | 12.93 |s.785031 | 12.98 
82} .714842 | 12.90 | .737970 | 13.60 || 32 | 760067 | 12.93 | ‘785810 | 19.97 
88 | .715616 | 12.88 | .738786 | 13.60 || 33 | “760801 | 12°22 | ‘rge5e8 | 12 97 
84] .716389 | 12.87 | 739602 | 13.58 || 84 | 761534 | 12/90 | “7e7366 | 19.97 
85} . 717161 | 12.87 | .740417 | 13.57 || 85 | -762266 | 12.20 | 788144 | 19 93 
86 | .717933 | 12.85 | .741231 | 13.57 || 86 | 762998 | 12.18 | ‘798920 | 12.93 
37 | .718704 | 12.85 | 742045 | 13.55 || 87 | -763729 | 12:17 | ‘780696 | 12.98 
38} .719475 | 12.82 | .742858 | 13.53 || 88 | {764459 | 12.17 | “700472 | 19.92 
39 | .720244 | 12.82 | .743670 | 13.53 || 89 | {765180 | 12/15 | “791947 | 12/90 
40 | .721013 | 12.82] .744482 | 13.52 || 40] 1765918 | 12.15 | ‘792021 | 12/90 
41 | 8.721782 | 12.78 | 8.745293 | 13.50 || 41 | 8.766647 | 12.12 |8. 792795 | 12.89! 
42) 722549 | 12.78 | 746103 | 13.50 || 42 | -767374 | 12:12 | |793568 | 12.87! 
43 | .723316 | 12.78 | .746913 | 13.48 || 43 | {768102 | 12.40 | “794340 | 19.97 
44) 724083 | 12.75 | .747722 | 13.47 || 44 | °768828 | 12.10 | (795119 | 19.87 
45 | .724848 | 12.75 | .'748580 | 13.47 || 45 | [769554 | 12/10 | “vosge4 | 19.83 
46 | .725613 | 12.73 | 749838 | 13.45 || 46] 770280 | 12.08 | _796654 | 12°85 
47} 726377 | 12.72 | .750145 | 13.43 || 47 | {771005 | 12.07 | 1797495 | 12.82 
48 | .727140 | 12.72 | 750951 | 13.48 || 48 | ‘771729 | 12.05 | ‘v9Bi04 | 12/89 
49 | .727903 | 12.70 | .751757 | 13.42 || 49 | ‘77e452 | 12.05 | ‘798963 | 12'82 
50 | 728665 | 12.70 | .752562 | 13.42 || 50 | (773175 | 12.05 | {799732 | 12.80 
51 | 8.729427 | 12.67 | 8.753367 | 13.40 || 51 | 8.773898 | 12.02 |8.800500 | 12.78 
52] .730187 | 12.67 | .754171 | 13.38 || 52 | 774619 | 12.02 | \go1267 | 12:78 
58 | 730947 | 12.67 | .754974 | 13.37 || 58] 3775340 | 12.02 | 802034 | 19.77 
54 | 731707 | 12.63 | .755776 | 13.37 || 54 | ‘776061 | 12.00 | /802800 | 12.75 
55 | .782465 | 12.63 | .756578 | 13.37 || 55 | {76781 | 11.98 | ‘soss65 | 19°75 
56 | .733223 | 12.63 | .757380 | 13.33 || 56 | 777500 | 11.97 | 1804330 | 12.75 
57 | .733981 | 12.60 | .758180 | 13.33 || 57 | ‘778218 | 11.97 | ‘805095 | 12.73 
58]  .734737 | 12.60 | .758980 | 13.33 || 58 | ‘778036 | 11.97 | “805859 | 12-72 
59 | _.735493 | 12.58) .759780 | 13.30 || 59 | 779654 | 11.93 | “8o6ee2 | 19.72 
60 | 8.736248 | 12.58 | 8.760578 | 13.30 || 60 | 8.780370 | 11.95 |g'so7a8s | 12:70 

NNN ep essences 


AND EXTERNAL SECANTS 163 


a 





20° 21° 


Vers; .| D. 1". |} Ex. sec. | D..1’. Vers. | D. 1". | Ex. sec.|D. 1% 





8.780379 | 11.95 | 8.807885 | 12.70 
781087 | 11.92 | .808147 | 12.68 
. 781802} 11.92 | .808908 | 12.68 
-T82517 | 11.90 | .809669 | 12.68 
783231 | 11.90} .810430 | 12.67 
. 783945 } 11.88 | .811190 | 12.65 
. 784658 | 11.88 | .811949 | 12.65 
785371 | 11.87 | .812708 | 12.68 
.786083 } 11.85 | .818466 | 12.63 
786794 | 11.85 | .814224 | 12.62 

10 | .787505 | 11.83 | .814981 | 12.60 


33, 
32 
32 
30 
28 
28 
28 
27 
11 | 8.788215 | 11.82 | 8.815737 | 12.60 || 11 | 8.829761. |. 11.25 
12 | .788924 | 11.82 | .816493 | 12.60 || 12] .8380436 | 11.25 
13 |: .789633 | 11.82 | .817249 | 12.58 |} 18 | .881111 | 11.28 
14 | .790342 | 11.78 | .818004 | 12.57 || 14 | .831785 | 11.238 
15 | .791049 | 11.78 | .818758 | 12.57 || 15 -832459 | 11.22 
16 | .791756 | 11.78 | .819512 | 12.55 || 16} .888132 | 11,20 
17 | .792463 | 11.77 | .820265 | 12.55 || 17 | .8338804 | 11.20 
18 | .793169 | 11.75 | .821018 | 12.53 || 18 | .884476 | 11.20] . 4 
19 | .798874 | 11.75 | .821770 | 12.52 || 19 | .835148 | 11.18 | .865925 | 12.02 
794579 | 11.73 | .822521 | 12.52 || 20 | .885819 | 11.17 | .866646 | 11.98 
1” 
1 
15 
13 
13 
12 
12 
10 
10 
08 
07 
07 
07 
05 
05, 
03 
02 
02 
00 











8.822296 | 11.35 |8.852144 | 12.17 
822977 | 11.35.) .852874.| 12.17% 
828658 | 11.33 | .853604 | 12.13 
824838 | 11. 
.825018 | 11. 
-825697 | 11. 
.826376 | 11. 
-827054 | 11. 
827781 | 11. 
828408 | 11. 
829085 | 11. 





SHIDO B cor Ho [ . 
lw - 
eennenencs| 





























20 

21 | 8.795283 | 11.73 | 8.823272 | 12.52 || 21 | 8.836489 | 11.17. |8.867365 | 12.00 
92 | 795987 | 11.72 | ~.824023 | 12.50 || 22] .887159 | 11.17 | .868085 | 11.98 
23| .796690 | 11.70 | .824773 | 12.48 || 23 | .8387829 | 11.15.| .868804 | 11.97 
24| .797392.| 11.70 | .825522 | 12.48 || 24 | .838498 | 11, 869522 | 11.97 
25) .798094 | 11.68 | .826271 | 12.47 || 25 | .839166 | 11. 870240 | 11.95 
26 |  .798795 | 11.68 | .827019 | 12.47 || 26] .839834 | 11. -870957 | 11.95 
27 799496 | 11.67 827767 | 12.45 || 27 840501 | 11 871674 | 11.93 
28 800196 | 11.67 828514 | 12.45 || 28 841168 | 11 872390 | 11.93 
29 800896 } 11.63 829261 | 12.48 || 29 841834 | 11 -873106 | 11.93 
30 801594 | 11.65 830007 | 12.42 || 30 842500 | 11 878822 | 11.92 
31 | 8.802293 | 11.63 | 8.820752 | 12.42 || 31 | 8.843165 | 11.07. |8.874537 | 11.90 
82 | .802991 | 11.62] .831497 | 12.42 || 82.) .848829 | 11. 875251 | 11.90 
83 | .803688 | 11.60 | .832242 | 12.40 || 383} .844493 | 11. 875965 | 11.88 
34 804384 | 11.60 882986 | 12.38 || 34,| .845157 | 11. 876678 | 11.88 
85 | .805080 | 11.60 | .833729 | 12.38 || 35.) .845820 | 11. 877891 | 11.88 
36 | .805776 | 11.58 | .834472 | 12.38 || 36} .846483 | 11. 878104 | 11.87 
37 | .806471 | 11.57 | .885215 | 12.87 || 87\| .847145 | 11. -878816 | 11.87 
38| .807165 | 11.57 | .835957 | 12.35 || 88.| .847806 | 11. 879528 | 11.85 
39 | .807859 | 11.55.| .836698 | 12.35 || 39 | .848467 | 11. 880289 | 11.83 
40 | .808552 | 11.53 | .837439 | 12.383 || 40 | .849127 | 11.00 | .880949 | 11.83 
41 | 8.809244 | 11.53 | 8.838179 | 12.33 || 41 | 8.849787 | 11.00 |8.881659 | 11.83 
42 | .809936 | 11.53} .838919 | 12.32 |] 42] .850447 | 10.98 | .882869 | 11.82 
43 | .810628 | 11.52 | .839658 | 12.30 || 43 | .851106 | 10.97 | .883078 | 11.82 
44| .811319 | 11.50 | .840396 | 12.32 || 44 | .851764 | 10,97 | .888787 | 11.80 
45 | .812009 | 11.50 | .841135 | 12.28 || 45 | .852422 | 10.95 | .884495 | 11.80 
46 | .812699 | 11.48} .841872 | 12.28 || 46 | .858079 | 10.95] .885203 | 11.78 
47 | 1813388 | 11.48} .842609 | 12.28 || 47 | .858786 | 10.93 | .885910 | 11.78 
48 | .814077 | 11.47 | .848346 | 12.27 || 48 | .854892 | 10.93 | .886617 | 11.77 
49 | 1814765 | 11.45 | .844082 | 12.25 || 49 | .855048 | 10.92 | .887828 | 11.77 
50 | .815452 | 11.45 | .844817 | 12.25 || 50.| .855703 | 10.92 | .888029 | 11.7% 
51 | 2.816139 | 11.48 | 8.845552 | 12.25 || 51 | 8.856358 | 10.90 |8.888784 | 11.75 
52 | .816825 | 11.43] .846287 | 12.23 || 52 | .857012 | 10.90 | .880489 | 11.75 
53 | 817511 | 11.42 | .847021 | 12.22 || 53 | .857666 | 10.88 | .890144 | 11.73 
54 | .818196 | 11.42] .847754 | 12.22 || 54] .858319 | 10.88 | .800848 | 11.72 
55 818881 | 11.40] .848487 | 12.22 || 55 858972 | 10.87 | .891551 | 11.72 
56 819565 | 11.40 | .849220 | 12.20 || 56 859624 | 10.87 | .892254 | 11.72 
57 820249 | 11.88 | .849952 | 12.18 || 57 860276 | 10.85 | .892057 | 11.70 
58 820932 | 11.87.) .850683 | 12.18 |) 58 860927 | 10.85 | .893659 | 11.70 
59 | 821614 | 11.37 | .851414 | 12.17 || 59 | .861578 | 10.83 | .894361 | 11.68 
60 | 8.822296 | 11.35 | 8.852144 | 12.17 |] 60 | 8.862228 | 10.82 |8.895062 | 11.68 




















164 TABLE XXVI.—LOGARITHMIC VERSED SINES 





22° 








‘368702 | 10.73 


11 | 8.869346 | 10.75 
12} .869991 | 10.72 





13 | .870634 | 10.72 
14} .871277 | 10.7% 

15 | .871920 | 10.70 
16 | .872562 | 10.70 
17 | .8738204 | 10.68 
18 | .873845 | 10.68 
19 | .874486 | 10.67 
20) .875126 | 10.67 


21 | 8.875766 | 10.65 
22 | .876405 | 10.65 
23) .877044 | 10.63 
24) .877682 | 10.63 
25 | .878320 | 10.62 
26 | .878957 | 10.62 
2 | .879594 | 10.60 
28 | .880230 | 10.60 
29 | .880866 | 10.58 
30} .881501 | 10.53 


31 | 8.882136 | 10.58 

32 | .882771 | 10.57 

33 | .883405 | 10.55 
884038 


35 | .884671 | 10.53 
36 | 885803 | 10.53 
37 885935 | 10.53 
88 | .886567 | 10.52 
39 | .887198 | 10.52 
40 | .887829 | 10.50 


41 | 8.888459 | 10.48 
42 | .889088 | 10.48 
43 | .889717 | 10.48 
44 | .890346 | 10.47 
45 | .890974 | 10.47 
46 | .891602 | 10.45 
47 | .892229 | 10.45 
48 | .892856 | 10.43 





51 | 8.894733 10.42 
52 | .895358 | 10.42 
53 | 895983 | 10.40 
54 | 896607 | 10.38 
55 | 897230 | 10.38 
56 | .897853 | 10.38 
57 | .898476 | 10.37 











Ex. sec. 


8.895062 


895763 
896463 
.897163 
897862 


904136 
-904830 
905525 
906219 
- 906912 
907605 
- 908298 
- 908990 


8.909681 
910372 
-911063 
-911754 
-912443 
913133 
913822 
-914510 
-915198 
915886 


8.916573 
917260 
917946 
918682 
919318 
920003 
920687 
921372 
922055 
922739 
8.923421 
924104 
924786 
925467 
926149 
926829 
927510 
928189 
- 928869 
929548 


8.930226 
- 930905 
931582 
- 982260 
- 932936 
- 933613 
- 934289 
934965 
. 935640 

8.936315 












































23° 

U Vers. | D. 1°. | Ex. sec.|D. 1°. 
0 | 8.900841 | 10.83 |8.936315 | 11.28 
1 .900961 | 10 35 | .936989 | 11.23 
2 .901582 | 10.32.| .937663 | 11.22 
3 . 902201 | 10.83 }.938336 | 11 22 
4 .902821 | 10.32 | .939009 | 11.22 
5 .903440 ; 10.30 | .939682 ; 11.20 
6 .904058 | 10.30 | .940354 | 11 20 
vi -904676 | 10.28 | .941026 | 11.20 
8 -905293 | 10.28 | .941698 | 11.18 
9 .905910 | 10.28 | .942369 | 11 17 
10 .906527 | 10.27 | .943039 | 11.18 
11 | 8.907143 | 10.27 |8.943710 | 41 15 
12 -907759 | 10.25 | .944879 | 11.17 
13 -908374 | 10.25 | .945049 | 11.15 
14 - 908989 | 10.23 | .945718 | 11.13 
15 -909603 | 10.23 | .946386 | 11.13 
16 -910217 | 10.22 | .947054 | 11.13 
17 -910830 | 10.22 | .947722 | 11.12 
18 -911443 | 10.22 | .948389 | 11.12 
19 -912056 | 10.20 | .949056 | 11.12 
20 -912668 | 10.18 | .949723 | 11.10 
21 | 8.918279 | 10.20 |8.950389 | 11.10 
22 -913891 | 10.17 | .951055 | 11.08 
23 .914501 | 10.17 | .951720 | 11.08 
24 -915111 | 10.17 | .952385 | 11.07 
25 -915721 | 10.17 | .9538049 | 11.07 
26 -916331 | 10.15 | .958713 | 11.07 
27 -916940 | 10.13 | .954877 | 11.05 
28 -917548 | 10.13 | .955040 | 11.05 
29 -918156 | 10.13 | .955703 | 11.05 
30 918764 | 10.12 | .956366 | 11.03 
81 | 8.919371 | 10.10 8.957028 | 11.03 
32 |} ..919977 | 10.12 | .957690 | 11 02 
33 .920584 | 10.10 | .958351 | 11.02 
34 .921190 | 10.08 | .959012 | 11.00 
35 -921795 | 10.08 | .959672 | 11.00 
36 - 922400 | 10.07 | .960332 |. 11.00 
37 - 923004 | 10.07 | .969992 | 10.98 
88 . 923608 | 10.07 963651 | 10.98 
39 .924212 | 10.05 | .969310 | 10.98 
40 -924815 | 10.05 | .962969 | 10.97 
41 | 8.925418 | 10.03 |8.963627 | 10.97 
42 - 926020 | 10.03 | .964985 | 10.95 
43 - 926622 | 10.03 | .964942 | 10.95 
44 . 927224 | 10.02 | .965599 | 10.95 
45 - 927825 | 10.00 | .966256 | 10.93 
46 .928425 | 10.00 | .966912 | 10.93 
47 -929025 | 10.00 | .967568 ! 10.92 
48 - 929625 9.98 | .968223 | 10.92 
49 . 930224 9.98 | .968878 | 10.92 
50 | .930823 | 9.97 | .969533 | 10.90 
51 | 8.931421 9.97 |8.970187 | 10.90 
52 -932019 9.97 | .970841 | 10.88 
53 932617 9.95 | .971494 | 10.88 
54 .938214 | 9.95 | .972147 | 10.88 
55 933811 9.93 | .972800 | 10.87 
56 .934407 9.93 | .973452 | 10.87 
57 - 935003 9.92 | .974104 | 10.87 
58 . 935598 9.92 | .974756 | 10.85 
59 . 936193 9.92 | .975407 | 10.85 
60 | 8.936788 | 9.90 18.976058 | 10.82 
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24° 25° 
k Vers. | D. 1".| Ex. sec. | D. 1”, || - Vers. |D.1".| Ex. sec. D. 1’. 
0 | 8.986788 9.90 | 8.976058 | 10.83 0 | 8.971703 | 9.50 | 9.014428 | 10.47 
At . 937382 9.90 - 976708 | 10.83 1 972273 | 9.48 -015056 | 10.48 
2 937976 9.88 . 977358 | 10.83 2 972842 | 9.48 .015685 | 10.45 
3 . 938569 9.88 . 978008 | 10.82 3 -973411 | 9.48 .016312 | 10.47 
4 -939162 9.87 - 978657 | 10.82 4 . 973980 | 9.47 -016940 | 10.45 
5 - 939754 9.87 -979306 | 10.80 5 974548 | 9.47 -017567 | 10.45 
6 - 940346 9.87 -979954 | 10.80 6 975116 | 9.45 -018194 | 10.45 
7 - 940938 9.85 - 980602 | 10.80 tf 975683 | 9.45 -018821 | 10.48 
8 - 941529 9.85 -981250 | 10.80 8 976250 | 9.43 -019447 | 10.43 
9 - 942120 9.83 981898 | 10.78 9 976816 | 9.43 .020073 | 10.42 
. 942710 9.83 982545 | 10.77 || 10 977382 | 9.43 -020698 | 10.42 
11 | 8.943300 9.82 | 8.983191 | 10.77 || 14 | 8.977948 | 9.43 | 9.021823 | 10.42 
12 - 943889 9.83 -983837 | 10.77 || 12 -978514 | 9.42 -021948 | 10.40 
13 -944479 9.80 -984483 | 10.77 || 13 -979079 | 9.40 -022572 | 10.42 
14 - 945067 9.80 -985129 | 10.75 || 14 . 979643 | 9.40 .023197 | 10.38 
15 - 945655 9.80 985774 | 10.75 || 15 - 980207 | 9.40 .023820 | 10.40 
16 - 946243 9.80 986419 | 10.73 || 16 980771 | 9.40 .024444 | 10.88 
17 - 946831 9.78 987063 | 10.73 || 17 9813835 | 9.38 .025067 | 10.38 
18 .947418 9.77 987707 | 10.78 || 18 981898 | 9.37 -025690 | 10.37 
19 - 948004 9.70 988351 | 10.72 || 19 982460 | 9.38 .026312 | 10.37 
20 .948590 | 9.77 - 988994 | 10.72 || 20 983023 | 9.37 -026934 | 10.37 
21 | 8.949176 9.75 | 8.989637 | 10.70 || 21 | 8.983585 | 9.35 | 9.027556 | 10.35 
22 . 949761 9.75 - 990279 | 10.7 22 -984146 | 9.35 -028177 | 10.35 
23 . 950346 9.75 - 990922 | 10.68 || 23 -984707 | 9.35 .028798 | 10.85 
24 . 950931 9.73 - 991563 | 10.'70 || 24 - 985268 | 9.33 -029419 | 10.83 
25 -951515 9.73 - 992205 | 10.68 || 25 -985828 | 9.33 -030039 | 10.33 
26 - 952099 9.72 -992846 | 10.68 || 26 -986388 | 9.33 -030659 | 10.88 
27 - 952682 9.72 -993487 | 10.67 || 27 - 986948 | 9.32 -031279 | 10.33 
28 - 953265 9.70 -994127 | 10.67 || 28 -987507 | 9.32 -031899 | 10 32 
29 - 953847 9.70 - 994767 | 10.65 || 29 -988066 | 9.32 -032518 | 10.80 
30 - 954429 9.70 .995406 | 10.67 || 30 988625 | 9.30 -033136 | 10.32 
31 | 8.955011 | 9.68 | 8.996046 | 10.65 || 31 | 8.989183 | 9.28 | 9.033755 | 10.30 
82 . 955592 9.68 .996685 | 10.63 |) 32 - 989740 | 9.30 -034373 | 10.30 
83 - 956173 9.67 -997323 | 10.63 || 33 - 990298 | 9.28 -034991 | 10.28 
34 - 956753 9.68 -997961 | 10.63 || 34 - 990855 | 9.27 -035608 | 10.28 
85 - 957334 9.65 -998599 | 10.62 || 35 -991411 | 9.28 -036225 | 10.28 
36 - 957913 9.65 - 999236 | 10.62 || 36 -991968 | 9.25 -036842 | 10.27 
37 - 958492 9.65 | 8.999873 | 10.62 || 87 - 992523 | 9.27 .037458 | 10.27 
38 -959071 9.65 | 9.000510 | 10.60 || 38 - 993079 | 9.25 -038074 | 10.27 
39 - 959650 9.63 -001147 | 10.62 || 39 . 993634 | 9.25 .038690 | 10.25 
40 - 960227 9.62 -001783 | 10.58 || 40 - 994189 | 9.23 -089305 | 10.25 
41 | 8.960805 9.62 | 9.002418 | 10:58 |] 41 | 8.994743 | 9.28 | 9.039920 | 10.25 
42 - 961382 9.62 .003053 | 10.58 || 42 - 995297 | 9.28 -040535 | 10.25 
- 961959 9.60 .003688 | 10.58 |} 43 -995851 | 9.22 -041150 | 10.23 
- 962535 $.60 -004323 | 10.57 || 44 - 996404 | 9.22 -041764 | 10.23 
- 963111 9.60 -004957 | 10.57 || 45 - 996957 | 9.20 .042378 | 10.22 
. 963687 9.58 .005591 | 10.55 || 46 -997509 | 9.22 -042991 | 10.22 
. 964262 9.58 .006224 | 10.57 || 47 - 998062 | 9.18 .043604 | 10.22 
- 964837 9.57 -006858 | 10.53 || 48 -998613 | 9.20 .044217 | 10.22 
. 965411 9.57 -007490 | 10.55 || 49 .999165 | 9.18 .044830 | 10.20 
- 965985 9.57 -008123 | 10.53 || 50 | 8.999716 | 9.17 -045442 | 10.20 
8.966559 | 9.55 | 9.008755 | 10.53 || 51 | 9.000266 | 9.18 | 9.046054 | 10.16 
- 967132 9.55 “009387 | 10.52 |} 52 -000817 | 9.17 046665 | 10.18 
- 967705 9.53 -010018 | 10.52 || 53 .001367 | 9 15 047276 | 10.18 
968277 9.53 010649 | 10.52 || 54 -001916 | 9.17 047887 | 10.18 
968849 9.53 .011280 | 10.50 || 55 - 002466 | 9.13 .048498 | 10.17 
. 969421 9.52 -011910 | 10.50 || 56 -003014 | 9.15 -049108 | 10.17 
.969992 9.52 .012540 | 10.50 || 57 -003563 | 9.13 .049718 | 10.17 
. 970563 9.50 .013170 | 10.48 || 58 -004111 | 9.18 -050828 | 10.15 
- 971133 9.50 .013799 | 10.48 || 59 -004659 | 9.12 .050987 | 10.15 
8.971708 9.50 | 9.014428 | 10.47 || 60 | 9.005206 | 9.12 | 9.051546 | 10.15 
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26° 27° 
’ Vers... }\D. 1". |) Ex..secs | D. 1” < Vers. |D.1*.| Ex. see, |D. 1". 
0 | 9.005206 9.12 | 9.051546 | 10.15 0 | 9.037401 | 8.7 9.087520 | 9.83 
1 -005753 9.12 -052155 | 10,13 if -037927 | 8.75 -088110 9.83 
2 - 006300 9.10 -052763 | 10.13 2 .038452 | 8.77 -088700 9.83 
3 .006846 9.10 .053371 | 10.13 3 .038978 | 8.75 -089290 9.83 
4 - 007892 9.10 -053979 | 10.12 4 -089503 | 8.73 .089880 9.82 
5 .007938 9.08 -054586 | 10.12 5 .040027 | 8.7 .090469 9.82 
6 -008483 9.08 -055193 | 10.12 6 .040552 | 8.73 .091058 9.82 
v4 - 009028 9.07 -055800 | 10.10 v4 .041076 | 8.72 .091647 9.80 
8 -009572 | 9.07 .056406 | 10.10 8 -041599 | 8.73 -092235 9.80 
9 -010116 9.07 -057012 | 10.10 9 -042123 | 8.72 .092823 9.80 
10 .010660 | 9.05 .057618 | 10.10 |} 10 -042646 | 8.70 .093411 9.78 
11 | 9.011203 9.05 | 9.058224 | 10.08 || 11 | 9.048168 | 8.72 | 9.093998 9.80 
12 -031746 | 9.05 -058829 | 10.08 |} 12 -043691 | 8.70 .094586 9.78 
13 .012289 9.03 .059434 | 10.07 || 18 -044213 | 8.70 .095173 9.77 
14 -012831 9.03 -060038 | 10.08 || 14 .044735 | 8.68 . 095759 9.78 
15 -013873 9.03 -060643 | 10.07 || 15 -045256 | 8.68 .096346 9.7% 
16 -013915 9.02 .061247 | 10.05 || 16 045777 .| 8.68 . 096982 9.77 
17 -014456 9.02 -061850 | 10.07 || 17 046298 | 8.67 .097518 9.75 
18 .014997 9.02 -062454 | 10.05 || 18 046818 | 8.67 .098103 9.7% 
19 .015538 9.00 -063057 | 10.03 || 19 047338 | 8.67 .098689 | 9.75 
20 -016078 9.00 -063659 | 10.05 ||} 20 047858 | 8.65 .099274 9.73 
21 | 9.016618 8.98 | 9.064262 | 10.03 || 21 | 9.048877 | 8.65 | 9.099858 9.75 
22 -O17157 9.00 064864 | 10.03 || 22 -048896 | 8.65 . 100443 9.73 
23 .017697 8.97 065466 | 10.02 || 23 .049415 | 8.63 - 101027 9.73 
24 -018285 8.98 066067 | 10.02 || 24 - 049933 .| 8.63 -101611 9.72 
25 -018774 8.97 066668 | 10.02 || 25 .050451 | 8.63 . 102194 9.73 
26 -019312 | 8.97 067269 | 10.02 || 26 -050969 | 8.63 -102778 | 9.72 
27 .019850 8.95 067870 | 10.00 || 27 051487 | 8.62 - 103361 9.70 
28 -020387 8.95 06847 10.00 || 28} .052004 | 8.60 .108943 | 9.72 
29 -020924 8.95 -069070 | 10.00 || 29 052520 | 8.62 . 104526 9.70 
30 .021461 8.93 -069670 | 9.98 || 30 053037 | 8.60 . 105108 9.70 
81_| 9.021997 | 8.93 | 9.070269 | 9.98 || 31°} 9.058558 | 8 60 | 9.105690 9.68 
32 .022533 8.93 . 070868 9.98 || 32 .054069 | 8.58 .106271 9.70 
33 .023069 8.92 -071467 9.97 || 33 .054584 | 8.58 . 106853 9.68 
84 -023604 8.92 -072065 9.97 || 34 -055099 | 8.58 -107434 9.68 
85 -024139 8.90 -072663 9.97 || 85 .055614 | 8.58 . 108015 9.67 
36 -024673 | 8.92 -073261 9.97 ||'36 -056129 | 8.57 «108595 9.67 
387 -025208 8.90 -073859 9.95: || 87 .056643 | 8.57 109175 9.67 
88 -025742 8.88 . 074456 9.95 ||: 88 .057157 | 8.55 109755 9.67 
39 -026275 | 8.88 -075053 9.93 ||: 39 -O57670 | &.55 - 110335 9.65 
40 .026808 8.88 -075649 9.95 || 40 -058183 | 8.55 .110914 9.67 
41 | 9.027341 8.88 | 9.076246]; 9.93 |] 41°] 9.058696 | 8.55 | 9.111494 9.68 
42 027874 8.87 -076842 9.92 2 -059209 | 8.58 112072 9.65 
43 -028406 8.87 -077437 9.93 || 43 -059721 | 8.58 .112651 9.63 
44 -028938 | 8.85 -078033 9.92 || 44 -060233 | 8.53 -118229'| 9.63 
45 -029469 8.85 - 078628 9.92 || 45 -060745 | 8.52 . 113807 9.63 
46 -030000 8.85 - 079223 9.90 |) 46 .061256 | 8.52 «114385 9.63 
47 -030531 8.85 079817 9.92 || 47 .061767 | 8.50 - 114963 9.62 
48 -031062 | 8.838 -080412 9.90 || 48 062277 | 8.52 - 115540 9.62 
49 -031592 8.83 -081006 9.88 || 49 -062788 | 8.50 -116117 | 9.60 
50 -032122 8.82 .081599 9.90 || 50 .063298 | 8.48 -116693 | 9.62 
51 | 9.082651 8.82 | 9.082193 9.88 | 51 | 9.063807 | 8.50 | 9.117270 9.60 
52 .033180 8.82 082786 9.87 ||. 52 -064817 | 8.48 - 117846 9.60 
53 -033709 8.80 -083378 9.88 i 53 -064826 | 8.48 -118422 9.58 
54 | .034237 | 8.80 | 088971} 9.87 || 54} 065335 | 8.47 | .118997 | 9.60 
55 -034765 8.80 084563 9.87 || 55 .065843 | 8.47 -119578 9.58 
56 -035293 | 8.78 085155 9.87 || 56 -066351 | 8.47 -120148 9.58 
57 -035820 8.78 085747 9.85 || 57 -066859 | 8.45 - 120723 9.57 
58 -036347 8.78 .086338 9.85 || 58 .067366 | 8.47 -121297 | 9.57 
59 .036874 8.78 .086929 9.85 || 59 06787: 8.48 -121871 9.57 
60 | 9.037401 | 8.77 | 9.087520 |’ 9.83 || 60 | 9.068880 | 8.45 | 9.192445 | 9.57 
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28° 
, Vers, | D. 1", | Ex. sec. 
0 | 9.068880 8.45 | 9.122445 
1 068887 8.43 128019 
2 069898 | 8.48 128593 
8 069899 8.43 124166 
4 070405 8.42 124739 
5 070910 8.42 125811 
6 OTL415 8.40 125884 
7 OTL919 8.42 126456 
8 -OT2A2A 8.40 127028 
9 072026 8.40 127599 
10 . 073482 8.38 128171 
11 | 9.078935 8.38 | 9.128742 
12 074488 8.38 - 129813 
13 074941 8.37 - 129888 
14 075448 8.38 180453 
15 075946 8.35 .181023 
16 016447 | 8.387 - 181593 
076949 8,35 182163 
18 0V1450 8,35 182782 
19 | 077951 | 8.35 | .183301 
20 078452 | 8.38 188870 
21 | 9.078952 | 8.33 | 9.134438 
22 079452 | 8,38 185006 
23 079952 | 8.32 185574 
4 080451 8,32 . 186142 
25 .080950 | 8.32 186709 
26 .081449 §,32 187277 
27 .081948 | 8.30 187844 
28 .087A46 | 8.30 . 188410 
29 .082944 | 8.28 188977 
80 088441 8.30 189543 
81 | 9.083939 | 8.28 | 9.140109 
82 084436 | 8.27 140674 
33 084932 | 8.28 . 141240 
84 085429 8.27 141805 
35 .085925 | 8.25 142370 
36 08642 8.27 142984 
B7 086916 8.25 148499 
88 087411 8.25 144068 
39 .087906 | 8.28 144627 
40 .088400 | 8.25 145190 
41 | 9.088895 | 8.23 | 9.145754 
‘42 -089389 | 8.22 1463817 
43 .089882 | 8.22 146880 
oo .090876 | 8.22 147442 
45 .090869 | 8.22 148005 
46 091362 | 8.20 148567 
44 091854 | 8.20 149129 
48 092846 | 8.20 149690 
49 092888 | 8.20 150251 
50 093880 | 8.18 150818 
51 | 9.093821 8.18 | 9.151878 
52 094312 | 8,18 1519384 
53 0948038 | 8.17 152494 
54 095293 8.17 153055 
55 095783 | 8.17 153614 
56 096273 | 8.17 1BALT4 
57 096768 | 8.15 154783 
58 097252 | 8.15 155293 
59 097741 8.18 155851 
60 | 9.098229! 8.15 | 9.156410 
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9.57 
9.55 
9.55 
9.53 
9.65 
9.58 
9.58 
9.52 
9.53 
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9. Onn) 
098718 
099206 
O9D693 
100181 
100668 
101155 
101642 
102128 
102614 
- 103100 


9.102585 
- 104070 
104555 
- 105040 
- 105524 
- 106008 
106491 
106975 
107458 
107941 


9.108423 
- 108906 
«109388 
- 109869 
110851 
- 110882 
111813 
«111798 
112278 
112768 

9, 113283 
A183 
114192 
114671 
115149 
115627 
116105 


9, 122768 
- 12B%AR 
128715 
124189 
124662 
125184 
125607 
126079 
126551 

9.127022 


29° 





9.156410 
. 156968 
ABTH27 


> 


162539 
- 163095 


166424 
166978 
167582 


9.179107 
179656 
. 180204 
180752 
- 181800 
181848 
182895 
182943 
- 188490 
- 184036 


9.184583 
185129 
185675 
186221 
186767 
187312 





187/858 
188403 
186047 
9.189492 
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830° 31° 

, Vers. | D.1”. | Ex. sec. | D. 1°. || ” Vers. |D.1".| Ex. sec. 
0 | 9.127022 7.87 | 9.189492 9.07 0 | 9.154828 | 7.58 | 9.221762 
1 .127494 7.85 . 190036 9.07 1 . 155283 | 7.58 -222293 
2 127965 7.85 . 190580 9.07 2 .155738 | 7.58 222825 
3 128436 7.83 .191124 | 9.07 3 .156193 | 7.58 -223355 
4 - 128906 7.83 .191668 9.05 4 .156648 | 7.57 -223886 
5 . 129376 7.83 - 192211 9.05 5 .157102 | 7.57 .224417 
6 . 129846 7.83 .192754 9.05 6 .157556 | 7.57 ~224947 
6 . 130316 782 . 193297 9.05 7 .158010 | 7.57 2225477 
8 . 1380785 7.83 .193840 9.03 8 158464 | 7.55 -226007 
9 131255 7,82 -194382 9.05 9 .158917 | 7.55 -2265387 
10 -131724 7.80 -194925 9.03 |} 10 .159370 | 7.55 - 227066 
11 | 9.132192 | 7.80 | 9.195467 | 9.08 || 11 | 9.159823 | 7.55 | 9.227595 
12 -132660 7.82 - 196009 9.02 || 12 - 160276 | 7.53 - 228125 
13 . 133129 7.78 . 196550 9.03 || 13 -160728 | 7.53 -228653 
14 133596 7.80 .197092 9.02 || 14 .161180 | 7.53 - 229182 
15 - 134064 7.18 . 197633 9.02 || 15 -161682 | 7.52 229711 
16 .134531 of gatk .198174 9.02 || 16 -162083 | 7.53 - 280239 
17 - 134998 7.78 198715 9.00 || 17 - 162535 | 7.52 -230767 
18 -135465 | 7.77 . 199255 9.00 || 18 -162986 | 7.52 -231295 
19 -134931 Tees 199795 9.00 || 19 .163437 | 7.50 .231822 
20 .136397 | 7.7’ 200335 9.00 || 20 .163887 | 7.52 -232350 
21 | 9.136863 7.77 | 9.200875 9.00 || 21 | 9.164338 | 7.50 | 9.232877 
22 - 137829 Wto -201415 8.98 || 22 -164788 | 7.48 .283404 
23 137794 EG. -201954 9.00 || 23 - 165237 | 7.50 -233931 
24 -138260 | 7.73 -202494 8.97 || 24 -165687 | 7.48 . 234458 
25 -138724 3 -203033 | 8.98 || 25 -166136 | 7.48 . 234984 
26 -139189 7.73 -2038571 8.98 || 26 -166585 | 7.48 .235510 
- 27 - 139653 7.3 -204110 | 8.97 || 27 - 167034 | 7.48 .236036 
28 -140117 7.73 204648 8.97 || 28 . 167483 | 7.47 - 236562 
29 -140581 2.73 - 205186 8.97 }| 29 -167931 | 7.47 -237088 
30 -141045 | 7.72 ~205724 8.97 || 30 -168379 | 7.47 -237613 
31 | 9.141508 7.72 | 9.206262 | 8.95 || 81 | 9.168827 | 7.47 | 9.238139 
32 141971 U2 -206799 8.97 || 32 -169275 | 7.45 238664 
33 - 142434 7.70 -2073387 8.95 || 83 .169722 | 7.45 .239189 
34 . 142896 7.70 207874 8.93 || 34 -170169 | 7.45 .289713 
35 . 143358 TT -208410 | 8.95 || 85 -170616 | 7.43 - 240238 
36 143820 TU 208947 | 8.93 || 36 -171062 | 7.45 - 240762 
37 - 144282 7.68 209483 8.95 || 37 -171509 | 7.43 .241286 
88 . 144743 7.68 -210020 | 8.98 || 388 ~171955 | 7.42 -241810 
39 - 145204 7.68 -210556 8.92 || 39. -172400 | 7.43 - 242333 
40 - 145665 7.68 -211091 8.93 || 40 .172846 | 7.42 «242857 
41 | 9.146126 7.67 | 9.211627 8.92 || 41 | 9.178291 | 7.42 | 9.243380 
42 . 146586 7.67 -212162 8.92 || 42 .1787386 | 7.42 .243903 
43 -147046 7.67 -212697 8.92 || 48 .174181 | 7.42 «244426 
44 . 147506 7.67 - 213232 8.92 || 44 - 174626 | 7.40 -244949 
45 . 147966 7.65 -213767 | 8.90 || 45 .175070 | 7.40 -245471 
46 - 148425 7.65 -214301 8.92 || 46 -175514 | 7.40 -245994 
47 - 148884 7.65 -214836 8.90 || 47 .175958 | 7.40 - 246516 
48 - 149343 7.63 215370 8.90 || 48 - 176402 | 7.38 247038 
49 -149801 7.63 -215904 8.88 || 49. .176845 | 7.38 +247559 
50 150259 7.63 -216437 8.90 || 50 -177288 | 7.38 -248081 
51 | 9.150717 7.63 | 9.216971 8.88 || 51 | 9.177731 | 7.38 | 9.248602 
52 -151175 7.63 -217504 8.88 || 52 -178174 | 7.37 -249123 
53 -151633 | 7.62 -218037 8.88 || 53 -178616 | 7.37 .249644 
54 - 152090 7.62 -218570 8.87 || 54 .179058 | 7.387 . 250165 
55 .152547 | 7.60 -219102 8.88 || 55 -179500 | 7.87 - 250686 
56 - 153003 7.62 -219635 8.87 || 56 179942 | 7.35 -251206 
57 . 153460 7.60 -220167 | 8.87 || 57 - 180383 | 7.37 -251726 
58 153916 7.60 - 220699 8.87 || 58 -180825 | 7.33 - 252246 
59 154372 | 7.60 2212381 8.85 || 59 . 181265 | 7.35 252766 
60 | 9.154828 7.58 | 9.221762 8.85 || 60 | 9.181706 | 7.35 | 9.253286 
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32° 83° 
EE ee ee ee 
9 Vers, | D. 1". | Ex.sec.’| D.1". ||. / Vers. |D.1".| Ex. sec. | D. 1". 
0 | 9.181706 7°35) | 9. 258286 8.65 0 | 9.207714 | 7.10 | 9.284122 | 8.48 
1 .182147 7.33 + 253805 8.65 1 -208140 | 7.10 284631 8.47 
2 182587 7.33 -254824 8.65 2 .208566 | 7.10 -285189 | 8.47 
3 . 183027 7 32 -254843 8.65 3 .208992 | 7.10 285647 8.47 
4 . 183466 7.33 - 255362 8.65 4 .209418 | 7.08 -286155 8.47 
5 . 183906 7.382 . 255881 8.63 5 .209843 | 7.08 -286663 | 8.45 
6 . 184345 7.32 256399 8.65 6 -210268 | 7.08 -287170 | 8.47 
v 184784 7.32 .256918 §.63 ig -210693 | 7.08 .287678 8.45 
8 . 185223 7.32 257436 8.63 8 -211118 | 7.08 -288185 | 8.45 
9 185662 7.30 . 257954 8.62 9 -211543 | 7.07 - 288692 8.45 
10 186100 7 30 -258471 8.63 || 10 -211967 | 7.07 -289199 | 8 43 
11 | 9.186538 7.30 | 9.258989 8.62 || 11 | 9.212891 | 7.07 | 9.289705 8.45 
12 . 186976 7.28 .259506 8.62 || 12 -212815 | 7.07 -290212 8.43 
18 .187413 7.30 -260023 8.62 || 18 213239 | 7.05 -290718 8.438 
14 .187851 7.28 -260540 8.62 || 14 213662 | 7.05 -291224 8.43 
15 . 188288 7.27 -261057 8.62 || 15 214085 | 7.05 -291730 | 8.48 
16 - 188724 7.28 .261574 8.60 || 16 214508 | 7.05 -292236 | 8.48 
17 -189161 7.27 -262090 8.60 || 17 214931 | 7.05 -292742 | 8.42 
18 . 189597 7.28 - 262606 8.60 || 18 .215354 | 7.03 -2938247 | 8.48 
19 - 190034 7.25 | , .263122 8.60 || 19 -215776 | 7.08 -298753 | 8.42 
20 - 190469 7.27 . 263688 8.60 || 20 -216198 | 7.08 -294258 | 8.42 
21 | 9.190905 7.27 | 9.264154 8.58 |} 21 | 9.216620 | 7.03 | 9.294768 | 8.42 
22 -191341 %.25 - 264669 8.58 || 22 -217042 | 7.02 -295268 | 8.40 
23 .191776 4.25 -265184 8.60 || 23 -217463 | 7.02 «295772 | 8.42 
24 -192211 7.23 -265700 8.57 || 24 -217884 | 7.02 -296277 | 8.40 
25 . 192645 4.25 .266214 8.58 || 25 -218305 | 7.02 .296781 8.40 
26 . 193080 7.23 - 266729 8.58 || 26 -218726 | 7.00 .297285 | 8.40 
27 . 193514 7.23 -267244 8.57 || 27 -219146 | 7.02 -297789 | 8.40 
28 -193948 1.23 -267758 | 8.57 || 28 -219567 | 7.00 298293 8.40 
29. - 194382 7.22 .268272 | 8.57 || 29 -219987 | 7.00 -298797 8 38 
30 .194815 7.23 -268786 8.57 || 30 .220407 | 6.98 -299300 | 8.38 
31 | 9.195249 7.22 | 9.269300 8.57 || 31 | 9.220826 | 7.00 | 9.299808 8.40 
32 . 195682 1.22. . 269814 8.55 || 32 -221246 | 6.98 -800807 | 8.37 
33 -196115 7.20 -2703827 8.55 || 83 -221665 | 6.98 - 800809 8.38 
34 - 196547 7.22 .270840 8.57 || 34 -222084 | 6.98 .801312 | 8.38 
35 . 196980 7.20 .271854 8.53 || 385 .222503 | 6.97 . 801815 8.37 
36 .197412 7.20 . 271866 8.55 || 36 -222921 | 6.98 802317 8.38 
37 .197844 7.18 272379 8.55 || 37 - 223340 | 6.97 . 802820 | 8.387 
38 .198275 7.20 272892 8.53 || 88 -223758 | 6.97 . 803322 | 8.37 
39 .198707 7.18 -2738404 8.53 || 39 -224176 | 6.95 . 808824 8.35 
40 . 199138 7.18 -273916 8.53 || 40 -224593 | 6.97 -804825 8.37 
41 | 9.199569 7.18 | 9.274428 8.53 || 41 | 9.225011 | 6.95 | 9.804827 | 8.35 
42 - 200000 GAT -274940 8.53 || 42 -225428 | 6.95 -805828 8.37 
43 - 200430 7.18 «275452 8.52 || 48 -225845 | 6.95 .805830 | 8.35 
44 - 200861 viailyg -275963 | 8.52 || 44 -226262 | 6.93 806331 8.35 
45 -201291 fet) 276474 8.53 || 45 -226678 | 6.95 806832 8.35 
46 -201720 VAY -276986 8.50 || 46 .227095 | 6.93 .807333 | 8.38 
47 - 202150 7.15 . 277496 8.52 || 47 .227511 | 6.93 .807833 | 8.35 
48 - 202579 TAS .278007 8.52 || 48 -227927 | 6.92 808834 8.33 
49 -203008 7.15 .278518 8.50 || 49 - 228342 | 6.93 .808834 | 8.33 
50 203437 715 . 279028 8.50 || 50 -228758 | 6.92 .809334 | 8.33 
51 | 9.203866 7.13 | 9.279538 8.50 || 51 | 9.229178 | 6.92 | 9.809884 | 8.33 
52 -204294 WA 280048 8.50 || 52 -229588 | 6.92 .810334 | 8.33 
53 - 204723 7.13 280558 8.50 || 53 - 230003 | 6.92 .310834 | 8.32 
54 .205151 12 .281068.| 8.48 || 54 -230418 | 6.90 .811838 | 8.82 
55 205578 7.13 281577 8.50 || 55 - 230832 | 6.90 .811882 | 8.32 
56 - 206006 7.13 . 282087 8.48 || 56 -231246 | 6.90 312331 8.32 
57 - 206433 7.12 282596 8.48 || 57 .231660 | 6.90 .812880 | 8.32 
206860 7.12 -283105 8.48 || 58 232074 | 6.88 313329 8.32 
207287 | 7.12 283614 8.47 || 59 - 232487 | 6.90 .813828 | 8.30 
60 | 9.207714 | 7.10 | 9.284122 | 8.48 || 60 | 9.282901 | 6.88 | 9.314826 | 8.82 
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170: TABLE XXVI.—LOGARITHMIC VERSED SINES 

’ Vers, D. 1". | Ex. sec. | D. 1’ 4 Vers. Ex. sec, 

0 | 9.232901 | 6.88 | 9.314326 | 8.82 | 0 | 9.257314 | 6.67 | 9.343949 | 8. 
1 | .233314 | 6.88 | .314828 | 8.30 || 1] .257714/ 6.68] . 8. 
2| 12933727 | 6.87] 315823] 8.80 || 2| .258115 | 6.67 | 1844927 | 8. 
3 | 934139! 6.88 | 315821 | 8.30 || 3] 1258515 | 6.67 | ~.845416 | 8. 
4| .934552 | 6.87 |, 1316819 | 8.80 || 4]| 258915 | 6.65 | .845904 |. 8. 
5 | (934964 | 6.87 | .316817| 8.28 || 5 | .259814 | 6.67 | .346393 | 8. 
6| .235376 | 6.87 |° .317314 | 8.28 || 6| .259714 | 6.65 | .346881 | 8. 
7 | (935788 | 6.85 | .317811 | 8.30 || 7 | 260113 | 6.65 | .347369| 8. 
8 | .936199 | 6.871 1318309 | 8.28 || 8| 260512 | 6.65 | 347857] 8. 
9| 1236611 | 6.85 .318806 | 8.28 |] 9{ .260911 | 6.65 | .348345| 8. 
10 |} 237022.) 6.85 | 319303 | 8.27 || 10 | .261310 | 6.65 | .348833 | 8. 
11 | 9.237433 | 6.85 | 9.319799 | 8.28 |] 11 | 9.261709 | 6.63 | 9.349321 | 8. 
12| 237844) 6.83 | .320296| 8.27 || 12| 262107 | 6.63 | .349808| 8. 
43 | 238254 | 6.85 | .320792 | 8.28 |} 13 | .262505 | 6.63 | 350295 | 8. 
44 | 238665 | 6.83 | .321289 | 8.27 || 14] (262903 | 6.63 | .30782 | 8. 
15 | .239075 | 6.83 | .321785 | 8.27 || 15 | .263301 | 6.62 | .351269 | 8. 
16 | .239485 | 6.82] .322281 | 8.25 || 16] .2636908 | 6.63 | .351756 | 8. 
47 | (239894 | 6.83 | .322776 | 8.27 || 17 | 264096 | 6.62 | .352243 | 8. 
18 | 240304 | 6.82 | 323272] 8.27 || 18 | .264493 | 6.62 | 352730 | 8. 
19 | .240713 | 6.82] .323768 | 8.25 || 19 | 264890 |,6 62 | 1353216 | 8. 
20 | 1241122 | 6.82 | .324263 | 8.25 || 20 | .265287 [6.60 | .353702 | 8. 
21 | 9.241531 | 6.82] 9.324758 | 8.25 || 21 | 9.265683 | 6.62 | 9.354188 | 8. 
22 | 1241940 | 6.82] .325253] 8.25 || ¢ 266080 | 6.60 | .354674 | 8. 
23 | .242348 | 6.80] .325748 | 8.25 || 23 .266476 | 6.60 | .355160 | 8. 
24 | .242756 | 6.80] 1326243 | 8.23 || 24 | 266872 | 6.58 | 355646] 8 
25 | .243164 | 6.80| .326737| 8.25 || 25 | (267267 | 6.60 | 1356131 | 8. 
26 | .243572 | 6.80] .327232 | 8.23 || 26 | ‘267663 | 6.58 | 356617] 8. 
27 | 243080 | 6.78] .327726 | 8.23 || 27] 268058 | 6.58 | .357102 | 8. 
28 | .244887 | 6.78] .328220 | 8.23 || 98! 268453 | 6.58 | 857587 | 8. 
99 | .244794 | 6.78! .328714 | 8.22 || 299 | 268848 | 6.58 | 1358072 | 8. 
30 | .245201 | 6.78 .329207 | 8.23 || 30, .269043 | 6.58 | 858557 |. 8. 
31 | 9.245608 | 6.77 | 9.329701 | 8.28 9.269638 | 6.57 | 9.859042 | 8. 
32 | .246014 | 6.78 | 330195 | 8.92 270032 | 6.57 | .359526 | 8. 
33 | .246421 | 6.77 | 330888 | 8.22 270426 | 6.57 | .360011 | 8. 
34 | 1246827 | 6.77 | 331181 | 8.22 270820 | 6.57 | .360495 | 8. 
35 | .247233 | 6.77 | .931674 | 8.22 271214 | 6.57 | 360979 | 8. 
36 | .247639 | 6.75 | .332167 | 8.20 271608 | 6.55 | .361463 | 8. 
87 | .248044 | 6.75 | 332659 | 8.92 272001 | 6.55 | .361947| 8. 
38} .248449 | 6.75 | .333152 | 8.20 272804 | 6.55 | 1362481 | 8. 
39 | 248854 | 6.75 | .333644 | 8.92 272787 | 6.55 | .362914| 8. 
40 | .249259) 6.75 | .334137 | 8.20 273180 | 6.53 | 1368398 | 8. 
41 | 9.249664 | 6.73 | 9.384629 | 8.20 9.273572 | 6.55 | 9.868881 | 8. 
42 | .250068 | 6.75 | .335121 | 8.18 1273965 | 6.53 | .864364 | 8. 
43 | .250473 | 6.73 | 1335612 | 8.20 1274357 | 6.53 | .864847 | 8. 
44 | .250877 | 6.73 | .336104 | 8.18 1274749 | 6.53 | .865330 | 8 
45 | .251981 | 6.72 | .336595 | 8120 :275141 | 6.52 | .365813 | 8. 
46 | .251684 | 6.73 | .337087 | 8118 (275532 | 6.53 | .366295 | 8 
47 | .252088| 6.72] 337578 | 8.18 1275904 | 6.52 | .866778 | 8 
48! 252491 | 6.72 | .338069| 8.18 1276315 | 6.52 | .367260| 8. 
49 | .252804 | 6.72 | 338560 | 817 276706 | 6.52 | .867742 | 8. 
50 | .253297 | 6.70 | .339050| 8.18 277097 | 6.52 | .368224 | 8 
51 | 9.253699 | 6.72 | 9.330541 | 8.17 9.277488 | 6.50 | 9.868706 | 8 
52 | .254102 | 6.70] .340031 | 8.18 .277878 | 6.50 | .369188 | 8. 
53 | .254504 | 6.70] .340592| 8 17 /278268 | 6.50 | - .369670 | 8. 
54 | .254906 | 6.70 | .341012 | 8.17 (278658 | 6.50 | 870151 | 8. 
55 | .255308 | 6.68 | .341502| 8.15 1279048 | 6.50 | .870632 | 8 
56 | .255709 | 6.70 | .341991 | 8.17 (279438 | 6.48 | .37i1i4 | 8. 
57 | .256111 | 6.68 | .342481 | 8 17 1279827 | 6.50 | .371595 | 8. 
58 | .256512 | 6.68 | .342971 | 8.15 .280217 | 6.48 | .372076 | 8. 
59 | .256913 | 6.68 | 343466} 8.15 :280606 | 6.48 { .372556 | 8. 
60 | 9.257314 | 6.67 | 9.343949 ! 8.15 9.280995 | 6.47 | 9.373037 | 8 
pA eRe la wn ote nee ane 
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36° 37° 
{ 

Vers.. | D.1°. |Ex. sec. | D.1".|| ’ | Vers. | D.1”..| Ex. sec, |D. 1’. 

0 | 9.280995 6.47 | 9.373087 8.02 0 | 9.803983 | 6.28 | 9.401634 7.88 
| 281383 6.48 .38738518 8.00 1 -3804360 | 6.30 -402107 7.88 
2 - 281772 6.47 -873998 8.00 2 .804738 | 6.28 .402580 | 7.87 
3 . 282160 6.47 .374478 8.00 3 .805115 | 6.28 -403052 7.87 
4 .282548 | 6.47 .874958 | 8.00 4 .805492 | 6.27 .403524 | 7.88 
5 -282936 6.47 .875438 8.00 5 -805868 | 6.28 -403997 7.88 
6 283324 6.47 .375918 8.00 6 -806245 | 6.27 -404469 V.87 
4 283712 6.45 .376398 7.98 7 .806621 | 6.28 .404941 7.87 
-8 . 284099 6.45 3876877 8.00 8 .806998 | 6.27 .405412 | 7.87 
9 . 284486 6.45 877357 7.98 9 .807874 | 6.25 . 405884 7.87 
10 -284873 | 6.45 -377836 | 7.98 || 10 «807749 | 6.27 .406856 | 7.85 
V1 | 9.285260 | 6.45 | 9.378315 | 7.98 || 11 | 9.308125 | 6.27 | 9.406827 | 7.85 
“42 . 285647 6.43 878794 7.98 || 12 -808501 | 6.25 -407298 7.87 
13 : 6.43 .879273 7.98 || 13 -808876 | 6.25 407770 | 7.85 
14 . 286419 6.43 -BT9TS2 7.98 || 14 .809251 | 6.25 .408241 7.85 
5 - 286805 6.43 -880231 7.97 || 15 «809626 | 6.25 .408712 | 7.85 
16 -287191 6.43 -880709 7.98 || 16 -310001 | 6.23 .409183 7.83 
17 287577 6.42 -381188 7:97 || 17 -310375 | 6.25 -409653 7.85 
18 287962 6.43 .3881666 7.97 || 18 -310750 | 6.23 .410124 7.83 
19 288348 6.42 .882144 7.97 || 19 -811124 | 6.23 410594 7.85 
20 - 288733 6.42 .882622 7.97 || 20 -811498 | 6.23 411065 7.88 
91 | 9.289118 | 6.40 | 9.383100"! 7.95 || 21 | 9.811872 | 6.22) 9.411535 | 7.88 
22 - 289502 6.42 .883577 B97 |} 122 -812245 | 6.23 - 412005 7.83 
23 - 289887 6.40 - 884055 7.95 || 23 -812619 | 6.22 -412475 7.83 
24 290271 6.40 . 384532 V.97 || 24 -312992 | 6.22 | .412945 6 7.88 
25 - 290655 6.40 .385010 7.95 || 25 .813365 | 6.22 .413415 7.82 
26 -291039 6.40 -885487 7.95 |) 26 -3137388 | 6.22 . 418884 7.88 
27 -291423 6.40 .885964 7.95 |) 27 -814111 | 6.22 .414354 7.82 
28 .291807 | 6.38 -886441 7.95 || 28 1814484 | 6.20 -414823 | 7.83 
29 . 292190 6.38 886918 7.93 || 29 -814856 | 6.20 -415293 7.82 
30 -292573 | 6.38 887394 | %.95 || 80 +315228 | 6.20 .415762 | 7.82 
81 | 9.292956 6.38 | 9.387871 7.93 || 81 | 9.315600'| 6.20 | 9.416231 7.82 
32 -293339 | 6.38 .888347 | 7.95 || 32 315972 | 6.20 -416700 | 7.80 
33 293722 6.37 3888824 7.93 |) 33 316344 | 6.20 -417168 7.82 
34 - 294104 6.37 389300 7.93 || 34 316716 | 6.18 .417687 7.82 
35 . 294486 6.37 889776 7.93 || 35 317087 | 6.18 .418106 7.80 
36 -294868 6.37 390252 7.92 || 36 817458 | 6.18 418574 7.80 
87 -295250 | 6.37 890727 7.93 || 87 317829 | 6.18 419042 7.82 
38 -295632 | 6.37 391203 | 7.92 || 38 318200 | 6.18 -419511 7.80 
39 -296014 | 6.35 891678 | 7.93 || 39 318571 | 6.17 -419979 | 7.80 
40 = 296395 6.35 392154 7.92 || 40 318941 | 6.17 - 420447 7.80 
41 | 9.296776 6.35 | 9.392629 7.92 || 41 | 9.819811 | 6.18 | 9.420915 7.78 
42 297157 6.35 893104 7.92 || 42 319682 | 6.15 . 421382 7.80 
43 297538 6.33 893579 7.92 || 43 820051 | 6.17 .421850 7.98 
44 -297918 | 6.35 894054 | 7.92 || 44 820421 | 6:17'| .422317 | 7.80 
45 ~ 298299 6.83 394529 7.90 || 45 820791 | 6.15 . 422785 7.78 
46 - 298679 6.33 395003 7.92 || 46 821160 | 6.17 «423252 7.78 
47 .299059 6.33 895478 7.90 || 47 321530 | 6.15 423719 7.78 
48 - 299489 6.33 895952 7.90 || 48 321899 | 6.13 . 424186 78 
49 -299819 6.32 3896426 7.90 || 49 322267 | 6.15 .424653°| 7.78 
50 -300198 | 6.32 396900 | 7.90 || 50 822636 | 6.15 .425120 | 7.78 
51 | 9°300577 | 6.33 | 9.397874 | 7.90 || 51 | 9.828005 | 6.13 | 9.425587 | 7.77 
52 - 300957 6.30 -397848 7.90 |). 52 .323873 | 6.13 .426053 7.78 
53 - 3801335 6.32 1898322 7.88 || 53 .823741 | 6.18 - 426520 bird 
54 .801714 6.32 ~898795 7.90 || 54 .824109 | 6.13 . 426986 TC 
55 - 802093 6.30 -899269 7.88 || 55 .824477 | 6.13 427452 Cee 
56 .3802471 6.30 .899742 7.88 || 56 .324845 | 6.12 427918 Tie 
57 - 302849 6.30 -400215 7.88 || 57 .825212 | 6.13 - 428384 Vani d 
58 . 8038227 6.30 -400688 7.88 || 58 -825580 | 6.12 . 428850 Ue 
59 . 803605 6.30 -401161 7.88 || 59 .825947 | 6.12 -429316 KS 
60 | 9.303983 | 6.28 | 9.401634 | 7.88 || 60 | 9.326314 | 6.12 | 9.429782! 7.75 
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38° 39° 
° Vers. | D. 1". | Ex. sec. | D. 1’ ty Vers. 2D: IE. alixasee? (D> 1". 
— — |—. oe 
0 | 9.826814 | 6.12 | 9.429782 | 7.75 || 0 | 9.848021 | 5.93 | 9.457518 | 7.65 
1| .326681 | 6.10 | .430247 | 7.77 || 1) .3848877 | 5.95 | .457977 | 7.65 
2| 1827047 | 6.12} .430718| 7.75 || 2| .848734 | 5.93.) .458436 | 7.65 
3 .827414 6.10 .431178 7.75 3 .849090 | 5.93 .458895 7.63 
4 .827780 | 6.10 .431643 7.5 4 .3849446 | 5.93 .459353 7.65 
5 | 328146! 6.10] .432108| 7.75 || 5 | .349802 | 5.93 | .459812 | 7.63 
6 .828512 | 6.10 4382573 yar) 6 -850158 | 5.93 .460270 7.65 
v4 -828878 6.08 -433038 7% @ .850514 | 5.92 .460729 7.63 
8 ~829243, 6.10 433503 7.73 8 350869 | 5.93 -461187 | 7.63 
9 -829609 | 6.08 -433967 Cae 9 -851225 | 5.92 -461645 | 7.63 
10 829974 6.08 .434432 7.73 || 10 -3851580 | 5.92 .4621038 | 7.68 
11 | 9.330389 | 6.08 | 9.434896 7.75 || 11 | 9.851935 | 5.92 | 9.462561 7.63 
12 .830704 | 6.08 435361 7.73 || 12 -852290 | 5.90 -463019 7.63 
13 .831069 6.07 435825 TVS) has 352644 | 5.92 -463477 | 7.62 
14 -831433 6.08 436289 4.73 || 14 352999 | 5.90 463934 7 63 
15 -881798 6.07 436753 7.73 |) 15 5 5.90 -464392 7 62 
16 .332162 | 6.07 487217 %.%% 16 .8538707 | 5.92 -464849 | 7 63 
ny . 3882526 6.07 .437680 7.73 |). 17 -854062 | 5.88 -465307 | 7.62 
18 | .332890 6.07 488144 7.93 || 18 .854415 | 5.90 .465764 7.62 
19 -333254 6.05 -438608 | 7.72 || 19 .854769 | 5.90 -466221 | 7.62 
20 .883617 6.07 .439071 7.72 || 20 .855123 | 5.88 -466678 7.62 
21 | 9.333981 6.05 | 9.489534 7.72 || 21 | 9.355476 | 5.88 | 9.467185 7.62 
22 .334344 6.05 -439997 7.72 || 22 .855829 | 5.88 .467592 | 7.62 
23 .834707 6.05 «440460 7.72 || 23 .856182 | 5.88 -468049 7.62 
24 .885070 6.03 -440923 | 7.72 |) 24 .856535 | 5.88 .468506 7.60 
25 .835432 6.05 -441386 7.72 || 25 .856888 | 5.88 -468962 7.60 
26 835795 6.03 -441849 Vint 26 .807241 | 5.87 -469418 | 7.62 
27 .836157 | 6.03 +442312 C0) We? .857593 | 5.87 -469875 7.60 
28 .3836519 | 6.08 442774 G72: |) 28 -857945 | 5.87 .470831 7.60 
29 .836881 6.08 -443237 7.7 29 .858297 | 5.87 -470787 | 7.60 
30 .837243 | 6.03 - 443699 7.70 || 80 .858649 | 5.87 -471243 7.60 
81 | 9.387605 6.02 | 9.444161 %.70 || 81 | 9.859001 | 5.87 | 9.471699 | 7.60 
82 337966 6.03 -444623 | 7.70 || 82 -859353 | 5.85 -472155 | 7.60 
33 | .3383828 6.02 -445085 7.70 || 83 .359704 | 5.87 .472611 7.60 
84} .338689 6.02 -445547 7.70 || 34 -860056 | 5.85 473067 7.58 
35 -839050 | 6.02 -446009 7.68 || 35 .860407 | 5.85 473522 | 7.60 
36 .8389411 6.00 -446470 7.70 || 36 .860758 | 5.83 473978 | 7.58 
37 .889771 6.02 -446932 7.68 || 87 -861108 | 5.85 474433 7.58 
388 . 840132 6.00 447393 7.70 || 88 .3861459 | 5.85 474888 | 7.58 
89 -340492 | 6.00 - 447855 7.68 || 89 .861810 | 5.83 475343 | 7.58 
40 840852 6.00 -448316 7.68 || 40 -862160 | 5.83 475798 | 7.58 
41 | 9.341212 6.00 | 9.448777 7.68 || 41 | 9.862510 | 5.83 | 9.476253 | 7.58 
42 841572 6.00 -449238 7.68 || 42 | - 862860 | 5.83 476708 | 7.58 
43 .841932 5.98 -449099 7.68 || 43 .363210 | 5.83 477163 7.58 
44 -342291 6.00 .450160 7.67 || 44 863560 | 5.82 A618 | 7.57 
45 342651 5.98 450620 @ 68 || 45 363909 | 5.83 478072 | 7 58 
46 .843010 | 5.98 -451081 7.67 |) 46 .864259 | 5.82 478527 | 7.57 
47 .343369 | 5.98 -451541 7.68 || 47 -864608 | 5.82 478981 Coe, 
48 -843728 | 5.97 -452002 7.67 || 48 -864957 | 5.82 479435 7.58 
49 .844086 | 5.98 -452462 7.67 || 49 -865306 | 5.82 -479890 | 7.57 
50 «844445 5.97 «452922 7.67 || 50 .865655 | 5.80 .480344 | 7.57 
51 | 9.344803 5.97 | 9.458882 7.67 || 51 | 9.366003 | 5.82 | ¥.480798 Vibe 
52 -845161 5.97 - 453842 7.67 || 52 366352 | 5.80 -481252 7S 
53 .845519 5.97 .4543802 | 7.67 |] 53 .866700 | 5.80 .481705 | 7.57 
54 845877 5.97 -454762 7.65 || 54 367048 | 5.80 -482159 W@Xe 
55 846235 5.95 -455221 7.67 || 55 .367396 | 5.80 482613 Ge) 
56 846592 5.97 -455681 7.65 || 56 .867744 | 5.78 483066 Vins 
57 346950 5.95 -456140 | 7.67 || 57 368091 | 5.80 483520 | 7.55 
58 .847807 | 5.95 -456600 | 7.65 || 58 , 868439 | 5.78 483973 (ees) 
59 847664 5.95 .457059 7.65 || 59 368786 | 5.78 484426 7.55 
60 | 9.348021 5.93 | 9.457518 | 7.65 |! 60 | 9.369183 | 5.78! 9 484879 7.55 
OEE NARS SEMEN OB ONO 
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40° 41° 

4 Vers. | D. 1". | Ex. sec. | D.1". |] ” Vers, |D. 1".| Ex. sec. |D. 1”, 
0 | 9.369183 5.78 | 9.484879 RibS 0 | 9.889681 | 5.62 | 9.511901 7.45 
1 . 369480 5.7 .4853832 7 J55 1 -890018 | 5.63 -512348 7.47 
2 -869827 5.7 ~485785 7.55 2 -890356 | 5.63 .512796 7.45 
3 -370174 aun -486238 | 7.55 3 -3890694 | 5.62 -513243 7.47 
4 870520 5.78 .486691 0.55 4 -891031 | 5.62 -513691 7.45 
5 - 370867 5.77 -487144 7.53 5 -891368 | 5.62 -514188 7.45 
6 -3871213 5.77 -487596 G55 6 -891705 | 5.62 -514585 7.47 
@| 3871559) 5.77 -488049 7.53 % »892042 | 5.62 -515033 1.45 
8 .3871905 fe a .488501 1.53 8 -892379.| 5.62 -515480 7.45 
9 .372251 5% -488953 (G39) 9 .892716 | 5.60 -515927 7.45 
10 .872596 5.77 -489406 7.53 || 10 -893052 | 5.60 .516374 7.43 
11 | 9.372942 | 5.75 | 9.489858 | 7.53 || 11 | 9.898388 | 5.60. | 9.516820 | 7.45 
12 -373287 5.75 | .490310 7.53 || 12 -893724 | 5.62 -517267 7.45 
13 -3873632 5.7 | .490762 | 7.53 || 18 .394061 | 5.58 517714 7.43 
14 -3738977 5.75 -491214 7.52 || 14 .894396 | 5.60 518160 | 7.45 
15 -874322 5.75 -491665 Wianon| (lo .894732 | 5.60 518607 7.43 
16 .3874667 | 5.73 .492117 7.53 || 16 -895068 | 5.58 519053 7.45 
17 .875011 5.75 «492569 (aya WG -895403 | 5.58 519500 7.43 
18 .375356 5.73 -493020 7.52 || 18 .3895738 | 5.60 519946 7.43 
19 -3875700 5.73 -493471 7.53 || 19 -896074 | 5.58 520392 | 7.43 
20 -876044 | 5.73 -493923 | 7.52 || 20] .396409 | 5.57 520838 | 7.43 
9.376388 | 5.73 | 9.494374 | 7.52 || 21 | 9.896743 | 5.58 | 9.521284 | 7.43 

22 .3876732 5.72 ~494825 7.52) || 21 .897078 | 5.53 -5217380 7.43 
23 3877075 5.73 -495276 7.52 || 23 -897413 | 5.57 522176 7.42 
24 .877419 5.72 495727 7.52 || 24 897747 | 5.57 -522621 7.43 
25 .877162 | 5.72 -496178 | 7.50 || 25 -898081 | 5.57 -523067 | 7.43 
26 .878105 5.72 -496628 7.52 || 26 -898415 | 5.57 -523513 | 7.42 
27 -878448 5.72 -497079 7.52 || 27 .898749 | 5.57 -528958 7.43 
28 878791 5.7 497530 7.50 || 28 -899083 | 5.57 -524404 7.42 
29 -879133 5.72 -497980 7.52 || 29 -899417 | 5.55 -524849 7.42 
30 .879476 5.70 .498480 | 7.50 || 30 .399750 | 5.57 -525294 | 7.42 
31 | 9.379818 | 5.72 | 9.498881 7.48 || 81 | 9.400084 | 5.55 | 9.525739 | 7.42 
32 .880161 5.70 -499331 7.52 || 32 -400417 | 5.55 -526184 7.42 
33 .880503 5.70 -499781 7.50 || 33 »400750 | 5.55 526629 7.42 
34 880845 5.68 -500231 7.50 || 84 -401088 | 5.55 527074 7.42 
35 881186 | 5.70 -500681 7.50 || 35 -401416 | 5.53 -527519 7.42 
36 .881528 5.68 -501131 7.50 || 36 4017. 5.55 . 527964 7.42 
37 -881869 | 5.70 -501581 7.48 || 37 -402081 | 5.53 -528409 7.40 
38 882211 5.68 -502030 7.50 || 388 -402413 | 5.53 -528853 7.42 
39 .882552 | 5.68 -502480 7.48 || 39 -402745 | 5.53 -529298 7.40 
40} .382893] 5.68 .502929 | 7.50 || 40 -403077 | 5.53 .529742 | 7.42 
41 | 9.383234 | 5.67 | 9.503379 | 7.48 || 41 | 9.403409 | 5.53 | 9.530187 | 7.40 
a2 -883574 5.68 .508828 | 7.48 || 42 -403741 | 5.53 -5380681 7.40 
43 883915 5.67 .504277 7.43 || 43 -404073 | 5.52 -581075 7.40 
44 .884255 | 5.67 .504726 | 7.48 || 44 -404404 | 5.53 .581519 7.40 
45 .884595 | 5.67 .505175 | 7.48 || 45 404736 | 5.52 -531963 | 7.40 
46 .884935 | 5.67 -505624 7.48 || 46 405067 | 5.52 532407 7.40 
47 -885275 5.67 -506073 7.48 || 47 405398 | 5.52 532851 7.40 
48 .885615 | 5.67 - 506522 7.48 || 48 405729 | 5.50 583295 7.40 
49 .885955 | 5.65 -506971 7.47 || 49 -406059 | 5.52 53375! 7.38 
5O| 1386294 | 5.67] -507419 | 7.48 || 50 | .406390 | 5.52] 534182] 7.40 
51 | 9.386634 5.65 | 9.507868 7.47 || 51 | 9.406721 | 5.50 | 9.534626 7.40 
52 -886973 | 5.65 508316 7.48 || 52 .407051 | 5.50 .585070 7.38 
53 -887312 5.65 .508765 7.47 || 53 .407381 | 5.50 535513 7.88 
54 -887651 5.63 -509213 7.47 || 54 407711 | 5.50 .585956 7.40 
55 .887989 5.65 .509661 TAT |) 55 -408041 | 5.50 .586400 7.38 
56 .888328 | 5.63 .510109 | 7.47 || 56 -408371 | 5.48 .536843 | 7.88 
3M. . 388666 5.65 -510557 7.47 || 57 -408700 | 5.50 -537286 7.38 
58 .889005 | 5.63 .511005 7.47 || 58 -409030 | 5.48 537729 7.38 
59 . 889343 5.63 .511453 7.47 || 59 .409359 | 5.48 -538172 | 7.388 
60 | 9.389681 5.62 | 9.511901 7.45 || 60 | 9.409688 | 5.48 | 9.538615 7.38 
————————— LL LL 
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42° 

6 Vers) 3/D. 1%, .-Ex.see!| D..1". 

0 | 9.409688 | 5.48 | 9.538615 7.88 

1 .410017 5.48 .539058 7.37 

2 41034 5.48 .589500 | 7.38 

3 -410675 5.48 . 539943 7.38 

4 -411004 5.47 .540386 % 137 

5 -411382 | 5.47 .540828 | 7.38 

6 .411660 | 5.48 -5ALQTI 7.37 

v . 411989 5.47 541713 7.37 

8 -412317 5.45 542155 "BT 

9 -412644 | 5.47 -542597 | 7.38 
10 .412972 | 5.47 .543040 | 7.387 
11 |. 9.418300°'| 5.45 | 9.543482 | 7.37 
12 -418627 | 5.47 .543924 | 7.37 
13 -413955 5.45 - 544366 7.85 
14 -414282:| 5.45 .544807 | 7.37 
15 -414609 5.45 545249 1537 
16 -414936 | 5.45 545691 7.35 
17 -415263 |. 5.43 .546132 | 7.37 
18 -415589 5.45 546574 | 7.35 
19 -415916 5.43 547015 Wot 
20.) 416242) 5.43) 547457 | 7.35 
21 | 9.416568 | 5.43 | 9.547898 | 7/35 
22 -416894 | 5.43 -548339 7.37 
23 | .417220} 5.43.1) .548781 | 7.85 
24 -417546 )} 5.42 549222 7.35 
25 7871 5.43 -549663 7.85 
26 -418197°'| 5.42 .550104 | 7.33 
27 -418522 | 5.43 .550544 | '7.35 
28 -418848 | 5.42 - 550985 7.35 
29 -419173 | 5.42 -551426 7.85 
30 -419498 | 5.40 551867 7.33 
831 | 9.419822 |° 5.42.1 9.552807 | 7.85 
32 -420147 5.40 552748 7.33 
33 420471 5.42 -553188 7.35 
34 -420796 5.46 -553629 7.383 
35 .421120 | 5.40 -554069 | 7.33 
36 -421444 | 5.40 -554509 7.33 
37 1421768 | 5.40 -554949 7.383 
38 .422092 | 5.40 5553889 7.33 
39 .422416 | 5.38 .555829.| 7,33 
40 .422739 | 5.40 .556269 7.33 
41.| 9.423068 5.38 | 9.556709 7.33 
42 -423386 | 5.38 -557149 7.383 
43 423709 5.388 .55'7589 7.82 
44 | (424082 | 5.388 | .558028) 7.33 
45 -424855 | 5.37 -558468 | 7.82 
46 424677 | 5.38 . 558907 7.383 
47 | ,425000 | 5.87 | .559847 | 7.32 
48 | .425322 | 5.388 | .559786| 7.83 
49 | .425645 | 5.37 | .560226 | 7.382 
50 .425967 5.37 -560665 7.32 
51 | 9.426289 | 5.37 | 9.561104 | 7.32 
52 -426611 5.37 -561548 | 7.32 
53 .426933 5.35 .561982 7.32 
54 | 427254 | 5.387] .562421 { 7.82 
55 | .427576 | 5.35} .562860.| '7.82 
56 | .427897 | 5.35} .568299 | 7.32 
57 .428218 | 5.385 . 563738 7.30 
58.| .428539 | 5.35 | .564176 | 7.382 
59 .428860 | 5.35 .564615 7.30 
60 | 9.429181 | 5.33 | 9.565053 | 7.32 
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44° 45° 

Aud Vers,.=:)'D. 1".:} Ex. sees| D. 1") Iti? Vers. |D.1".| Ex. sec. |D. 1’. 
Ae ee Ea an ANE Se ee 
0 | 9.448181 5.20 | 9.591247 7.23 0 | 9.466709 | 5.08 | 9.617224 | 7.20 
1 - 448493 5.22 .591681 7.25 1 .467014 | 5.08 . 617656 7.18 
2 -448806 | 5.20 -592116 @.25 2 .467319 | 5.08 .618087 7.18 
3 -449118 5i2z2 .592551 7.23 3 .467624 | 5.07 618518 7.18 
4 -449481 5.20 -592985 %.23 4 -467928 | 5.08 618949 | 7.18 
5 -449743 | 5.20 .593419 7.25 5 .468233 | 5.07 619380 7.18 
6 -450055 5.18 -593854 7.23 6 .468537 | 5.07 619811 7.18 
7 .450366 5.20 -594288 7.23 7 .468841 | 5.07 620242 | 7.18 
8 .450678 5.20 594722 C.23 8 -469145 | 5.07 620673 7.18 
9 - 450990 | 5.18 .595156 7.25 9 469449 | 5.07 621104 7.18 
10 . 451301 5.18 595591 7:23 || 10 469753 | 5.07 6215385 | 7.18 
11 | 9.451612 | 5.20 | 9.596025 7.23 || 11 | 9.470057 | 5.05.| 9.621966 PAY. 
12 451924 5.18 - 596459 7.23 || 12 .470360 | 5.07 - 622396 7.18 
‘13 -452235 5.18 .596893 7.22 || 13 -470664 | 5.05 - 622827 7.18 
14 -452546 | 5.17 -597326 7.23 || 14 -470967 | 5.05 .623258 | 7.17 
15 -452856 5.17 .597760 7.23 || 15 -471270 | 5.05 . 623688 7.18 
16 .453167 5.18 .598194 7.23 || 16 471573 | 5.05 -624119 | 7.17 
17 -453478 5.17 .598628 | 7.22 || 17 471876 | 5.05 - 624549 7.18 
18 .453788 5.17 .599061 7.23°|| 18 472179 | 5.05 -624980 | 7.17 
19 -454098 5.17 .599495 7.22 || 19 -472482 | 5.03 . 625410 7.18 
20 -454408 5.17 -599928 7.23 || 20 1472784 | 5.05 . 525841 " Ag 
21 | 9.454718 | 5.17 | 9.600362 | 7.22 || 21 | 9.473087 | 5.03 | 9.626271 ier g 
22 -455028 | 5.17 .600795 7.23 || 22 -473389 | 5.03 - 626701 VAT 
23 -455338 5.17 .601229 7.22 || 23 -473691 | 5.03 - 627181 eg 
24 -455648 5.15 .601662 7.22 || 24 -473993 | 5.03 . 627561 7.17 
25 -455957 5.17 -602095 7.22 || 25 -474295 | 5.08 .627991 VAY 
26 .456267 5.15 - 602528 7.23 || 26 .474597 | 5.08 - 628421 V.A1V 
27 .456576 Su. . 602962 7222 |! 127 -474899 | 5.02 . 628851 CMT 
28 -456885 5°15 - 608895 7.22 || 28 -475200 | 5.08 . 629281 CAC 
29 -457194 5.15 -603828 7.22 |) 29 -475502 | 5.02 629711 GAT 
30 -457508 5.13 .604261 7.22 || 30 -475808 | 5.02 -680141 yeing 
81 | 9.457811 5.15 | 9.604694) 7.20 |! 31 | 9.476104 | 5.02 | 9.630571 | 7.17 
32 -458120 §¢15 - 605126 G22) 1) 32 -476405 | 5.02 .631001 7.15 
33 458429 5.13 - 605559 7.22 | 33 -476706 | 5.02 . 631430 ress 
34 -4587387 5.13 - 605992 7.22 || 134 -477007 | 5.02 -631860 | 7.17 
385 -459045 5:13 -606425 7.20 || 35 -477308 | 5.00 -632290 | 7.15 
36 -459353.| 5.13 -606857 7.22 || 36 -477608 | 5.02 -6382719 Waly 
37 -459661 §.13 - 607290 7.20 || 87 -477909 | 5.00. -683149 7.15 
88 .459969 5.13 600722 7.22 || 38 -478209 | 5.00 .633578 7.17 
39 -460277 5.12 .608155 7.20 || 39 -478509 | 5.00 -634008 | 7.15 
40 -460584 5.13 .608587 7.22 || 40 .478809 | 5.00 .6384487 | 7.15 
41 | 9.460892 | 5.12 | 9.609020 20 || 41 | 9.479109 | 5.00 | 9.634866 | 7.17 
42 461199 5.12 -609452 7.20 || 42 -479409 | 5.00 - 635296 A156 
43 461506 5.12 -609884 7.20 || 43 -479709 | 5.00 .685725 | 7.15 
44 461813 5.12 -610316 7.22 || 44 -480009 | 4.98 . 636154 7.15 
45 462120 5 UE -610749 7.20 || 45 -480308 | 5.00 - 636583 % 16 
46 462427 | 5.12 -611181 7.20 || 46 -480608 | 4.98 - 637012 7.15 
47 462734 |} 5.10 -611613 7.20 || 47 -480907 | 4.98 .637441 ve!) 
48 463040 5/12 612045 7.20 || 48 -481206 | 4.98 . 637870 7.15 
49 463347 5.10 612477 7.18 |; 49 -481505 | 4.98 .638299 | 7.15 
50 463653 | 5.10 612908 7.20 || 50 -481804 ; 4.98 . 688728 7.15 
51 | 9.463959 | 5.10 | 9.613340 | 7.20 || 51 | 9.482108 | 4.97 | 9.689157 | 7.15 
52 .464265 5.10 .613772 7.20 || 52 .482401 | 4.98 . 639586 | 7.15 
53 -464571 5.10 . 614204 7.18 || 53 .482700 | 4.97 640015 7.13 
5A -464877 5.10 -614635 7.20 |) 54 -482998 | 4.97 640443 7.15 
55 .465183 | 5.08 .615067 7.20 || 55 -483296 | 4.98 640872 7.15 
56 .465488 | 5.10 -615499 7.18 || 56 -483595 | 4.97 641301 7.13 
57 .465794 | 5.08 -615930 | 7.20 || 57 -483893 | 4.97 -641729 7.15 
58 .466099 | 5.08 .616362 7.18 || 58 -484191 | 4.95 -642158 7.13 
59 -466404 | 5.08 .616793 | 7.18 || 59 1484488 | 4.97 -642586 5 
60 | 9.466709 | 5.08 | 9.617224 | 7.20 |} 60] 9.484786 | 4.97 | 9.648015 7.13 
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46° 47° 
U Vers. | D. 1", |Ex. sec. | D. 1°. ||” Vers. Dea |HEx.see, (D7 15. 
0 | 9.484786 4.97 | 9.643015 7.13 0 | 9.502429 | 4.85 | 9.668646 Uh 
1 -485084 4.95 -648443 (iis 1 -502720 | 4.83 .669072 6 
2 485381 4.95 - 6438872 7.13 2 .503010 | 4.83 | .669498 the 
3 -485678 4.97 -644300 } 7.13 3 .503300 |; 4.85 - 669924 (he 
4 -485976 4.95 .644728 7.13 4 .503591 | 4.83 -670350 i 
5 .486273 4.95 -645156 7.15 5 .503881 | 4.83 670776 {6 
6 .486570 4.93 645585 7.13 6 .504171 | 4.82 -671201 te: 
Vg . 486866 4.95 -646013 7.13 7 .504460 | 4.83 - 671627 fhe 
8 -487163 4.95 .646441 7.13 8 .504750 | 4.83 - 672053 Ue 
9 .487160 | 4.93 -646869 7.13 9 .505040 | 4.82 -672479 tb: 
10 487756 4.95 -647297 %.13 || 10 .505329 | 4.82 - 672904 q. 
11 | 9.488053 4.93 | 9.647725 7.13 || 11 | 9.505618 | 4.83 | 9.673330 {fe 
12 - 488349 4.93 - 648153 7.13 || 12 .505908 | 4.82 . 678756 & 
13 -488645 4.93 648581 7.13 || 13 -506197 | 4.82 -674181 ME 
14 488941 4.93 649009 7.12 || 14 .506486 | 4.82 - 674607 tf: 
15 -489237 4.93 649436 G13 | 15 .506775 | 4.80 -675032 GG 
16 . 489533 4.92 649864 7.13 || 16 .507063 | 4.82 .675458 be 
17 - 489828 4.93 . 650292 (CAC a es leg .507352 | 4.80 -675883 Ge 
18 -490124 4.92 -650720 7.12 || 18 -507640 | 4.82 - 676309 (& 
19 -490419 4.92 -651147 7.13 || 19 -507929 | 4.80 .676734 we 
20 .490714 4.93 -651575 7.12 || 20 -508217 | 4.80 -677159 ee 
21 | 9.491010 4.92 | 9.652002 7.13 || 21 | 9.508505 | 4.80 | 9.677584 7. 
22 -491305 4.92 652430 7.12 || 22 .508793 | 4.80 78010 | ". 
23! .491600 4.90 -652857 7.13 || 23 -509081 | 4.80 78435 7. 
24 -491894 4.92 -653285 7.12 || 24 .509369 | 4.80 678860 ea 
25 .492189 4.92 - 653712 7.13 |) 25 -509657 | 4.80 679285 T% 
26 .492484 4.90 -654140 7.12 || 26 -509945 | 4.78 679710 | 7%. 
QF. 492778 4.90 .654567 TAZ le27 -510232 | 4.80 -680136 | 7. 
28 -493072 4.92 -654994 7.12 || 28 510520 | 4.78 -680561 {k 
29 -493367 4.90 .655421 7.13 || 29 -510807 | 4.78 - 680986 q. 
30 .493661 4.90 .655849 7.12 || 30 -511094 | 4.78 -681411 13 
81 | 9.493955 | 4.90 | 9.656276 7.12 || 81 | 9.511881 | 4.78 | 9.681836 | 7. 
32 -494249 4.88 .656703 7.12 || 32 -511668 | 4.78 - 682260 "We 
33 -494542 4.90 - 657130 7.12 || 33 -511955 | 4.77 - 682685 he 
34 -494836 4.90 -657557 7.12 || 34 -512241 | 4.7 . 683110 a 
35 -495130 4.88 - 657984 V2) Bo -512528 | 4.78 - 683535 (ts 
36 -495423 | 4.88 -658411 7.12 || 36 -512815 | 4.77 -683960 16; 
37 -495716 4.88 .6588338 7.12 || 387 -513101 | 4.77 -684885 (he 
38 . 496009 4.88 -659265 7.10 || 38 -513387 | 4.77 .684809 ihe 
39 .496302 | 4.88 -659691 7.12 |; 89 .513673 | 4.77 - 685234 %e 
40 .496595 | 4.88 -660118 7.12 || 40 -513959 | 4.77 -685659 a 
41 | 9.496888 | 4.88 | 9.660545 } 7.12 || 41 | 9.514245 | 4.77 | 9.686083} 7. 
42 497181 4.87 -660972 7.10 || 42 .5145381 | 4.77 .686508 a 
43 497473, 4.88 -661398 FAQ 1°43 -514817 | 4.75 .686933 fe 
44 497766 4.87 .661825 7.12 || 44 -515102 | 4.77 - 687357 7. 
45 -498058 4.87 «662252 7.10 '| 45 -515388 | 4 75 . 687782 ‘a 
46 -498350 4.88 .662678 7.12 || 46 .515673 | 4.77 -688206 Lb: 
47 -498643, 4.87 -663105 7.10 || 47 .515959 | 4.75 -688631 he 
48 -498935 4.85 -663531 7.12 || 48 -516244 | 4.7 -689055 Ne 
49 . 499226 4.87 663958 7.10 || 49 -516529 | 4.75 -689479 ve 
50 -499518 4.87 664384 7.10 || 50 -516814 | 4.73 .689904 ne 
51 | 9.499810 | 4.85 | 9.664810 | 7.12 || 51 | 9.517098 | 4.75 | 9.690328 | 7. 
52 -500101 4.87 -665237 7.10 || 52 .517383 | 4.75 - 690752 th 
53 .500393 4.85 - 665663 7.10 || 53 .517668 | 4.73 -691177 We 
54 -500684 4.8) -666089 7.10 || 54 .517952 | 4.73 -691601 XE: 
55 .500975 4.85 666515 7.12 |) 55 .518236 | 4.75 - 692025 Ve 
56 .501266 4.85 -666942 7.10 || 56 -518521 | 4.73 -692449 th 
57 -501557 | 4.85 667368 7.10 || 57 518805 | 4.73 - 692873 Ye 
58 -501848 | 4.85 667794 7.10 || 58 -519089 | 4.73 -693298 | 7. 
59 .502139 | 4.83 .668220 7.10 |) 59 .5193738 | 4.73 .693722 | 7. 
60 | 9.502429 4.85 | 9.668646 7.10 || 60 | 9.519657 | 4.72 1 9.694146 ff 
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48° 
1 
Versin|.i1", 
9.519657 4.72 
-519940 4.73 
-620224 4.72 
-520507 4.73 
-520791 4.73 
-521074 | 4.7% 
-521357 4.72 
.521640 4.72 | 
.521923 4.72 
522206 4.70 
-522488 | 4.72 
9.522771 4.72 
.528054 | 4.70 
.523336 4.70 
.523618 4.70 
-523900 | 4.70 
.524182 4.70 
-524464 4.70 
-524746 | 4.70 
-525028 4.68 
-525309 | 4.70 
9.525591 4.68 
.525872 | 4.68 
.526153 4.70 
-526435 4.68 
-526716 4.68 
.526997 | 4.67 
21200 4.68 
-527558 4.68 
-527839 4.67 
-528119 | 4.68 
9.528400 | 4.67 
-528680 | 4.67 
.528960 4.67 
-529240 | 4.67 
-529520 4.67 
-529800 4.67 
.530080 | 4.65 
.580359 4.67 
-530639 | 4.65 
.530918 | 4.67 
9.531198 | 4.65 
.531477 | 4.65 
.531756 4.65 
- 5320385 4.65 
-0382314 4.63 
.532592 4.65 
-582871 4.65 
.583150 4.63 
.533428 4.63 
.53371 4.65 
9.533985 | 4.63 
534263 4.63 
534541 4.63 
.5384819 4.63 
.535097 | 4.62 
.535374 | 4.63 
.535652 4.62 
-585929 4.63 
. 536207 4.62 
9.536484 4.62 
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49° 

Ex. sec. | D. 1” v Vers. | D. 1" 
9.694146 7.07 0 | 9.536484 | 4.62 
. 694570 7.07 1 586761 | 4.62 
.694994 7.07 2 -587038 | 4.62 
.695418 RUG 3 .537315 | 4.62 
- 695842 7.07 4 -587592 | 4.62 
.696266 7.05 5 .537869 | 4.60 

. 696689 7.07 6 -538145 | 4.62 
-697113 7.07 7 .538422 | 4.60 
-697537 7.07 8 -538698 | 4.60 
-697961 7.07 9 .538974 | 4.62 
-698385 7.07 |; 10 -539251 | 4.60 
9.698809 : 11 | 9.539527 | 4.60 
- 699232 12 .539803 | 4.60 

- 699656 ‘ 13 -540079 | 4.58 

- 700080 : 14 -540354 | 4.60 

- 700503 5 15 -540630 | 4.60 

- 700927 ‘ 16 -540906 | 4.58 

- 701350 i: 17 -541181 | 4.58 
-T01774 4 18 -541456 | 4.60 
702198 7.05 || 19 .541782 | 4.58 
702621 | 7.07 542007 | 4.58 
9.703045 7.05 9.542282 | 4.58 
. 703468 7.05 -542557 | 4.58 

- 708891 7.07 -542832 | 4.57 

- 704315 7.05 -543106 | 4.58 
- 704738 7.07 .543381 | 4.57 
. 705162 7.05 .548655 | 4.58 

- 705585 7.05 -543930 | 4.57 
- 706008 7.05 -544204 | 4.57 

- 706431 7.07 -544478 | 4.57 

- 706855 7.05 544752 | 4.57 
9.707278 | 7.05 9.545026 | 4.57 
«707701 7.05 .545300 | 4.57 

- 708124 7.05 -545574 | 4.57 
708547 7.07 -545848 | 4.55 

- 708971 7.05 .546121 | 4.57 

- 709394 7.05 .546395 | 4.55 
709817 7.05 .546668 | 4.55 
-710240 7.05 .546941 | 4.55 

- 710663 7.05) 15 -547214 | 4.55 
- 711086 7.05 7487 | 4.55 
9.711509 7.05 9.547760 | 4.55 
- 711982 7.05 .548083 | 4.55 
712355 7.05 .548306 | 4.55 
712778 7.03 .548579 | 4.53 
713200 7.05 .548851 | 4.55 
713623 7.05: -549124 | 4.53 
714046 7.05 -549396 | 4.53 
714469 7.05 -549668 | 4.53 
714892 7.05 .549940 | 4.53 
715315 7.03 .550212 | 4.53 
9.715787 | 7.05 9.550484 | 4.53 
- 716160 7.05 .550756 | 4.53 
- 716583 7.03 | -551028 | 4.52 
- 717005 7.05 .551299 | 4.53 
- 717428 | 7.05 .551571 | 4.52 
717851 7.03 .551842 | 4.52 
- 718273 | 7.05 .552113 | 4.52 
- 718696 7.03 .552384 | 4.53 

. 719118 7.05 552656 | 4.52 
9.719541 7.0 9.552927 | 4.50 





.| EX. sec. 





9.719541 
- 719964 
-720386 
- 720809 
(21281 
721658 
- 722076 
+ 722498 
122921 
- 723343 
(238705 


9.724188 
724610 
725082 
725454 
725877 
“726299 
726721 
727143 
21565 
727988 

9.728410 
728832 
729254 
729676 
-730098 
- 730520 
(30942 
731364 
731786 
- 732208 

9.732630 
-733052 
738474 
-'133896 
734317 
734739 


9.741065 
741487 
741908 
.742330 
742751 
743173 
743595 





- 744016 
744438 
9.744859 
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50° 51° 
| 

‘ Vers. | D. 1". | Ex. see. | D. 1° , Vers. |D. 1’. | Ex. sec, |D. 1°. 

0 | 9.552927 | 4.50 | 9.744859 | 7.02 || 0 | 9.508909 | 4.42 | 9.770127 | 7.03 

1| .553197 | 4:02] :745280] 7.03 || 1| 509264 | 4.40 | .770548 | 7.02 
L2 .558468 | 4.03 - T45702 7.02 2 -569528 | 4.42 - 770969 7.00 

3 55373: 4.00 «746123 7.03 3 -569793 | 4.40 ~7T1889 7.02 

4 554009 | 4.52 -T46545 7.02 4 -570057 | 4.42 . 771810 7.02 

5 554280 | 4.50 - 746966 7.08 5 -5703822 | 4.40 772231 7.03 

6 -554550 | 4.50 .T47388 | 7.02 6 -570586 } 4.40 27726 7.02 

7 -554820 | 4.52 «747809 | 7.02 va «570850 | 4.40 - 7738073 | 7.023. 

8 555091 4.50 - 748230 7.03 8 -571114 } 4.40 - 7738494 | 7.00 

9 .555061 4.50 . TA8652 7.028 9 -571878 | 4.40 7739014 | 7.02 
10 .555631 | 4.48 - 749073 | 7.02 || 10 -571642 | 4.40 - 7748385 | 7.02 
Ji | 9.555900 | 4.50 | 9.749494 ] 7.03 || 11 | 9.571906 | 4.40 | 9.774756 | 7.08 
12 -556170 | 4.50 - 749916 7.02 2 -572170 | 4.40 -TTSLT? 7.02 
13 .556440 | 4.48 - 750337 | 7.02 |} 18 .572434 | 4.88 -775598 | 7.00 
14 5567 4.50 750758 7.03 || 14 -572697 | 4.88 -T76018 7.02 
15 .55697 4.48 - 751180 7.02 || 15 -572960 | 4.40 «776489 7.02 
16 -557248 | 4.48 - 751601 7.02 || 16 -578224 | 4.88 ~T76860 | 7.02 
17 557517 | 4.48 - 752023 | 7.02 |] 17 -578487 | 4.38 -TTIR2B1 7.02 
18 -5d57786 | 4.48 - 752443 | 7.08 || 18 .573750 | 4.38 -TTT702 | 7.00 
19 -558055 | 4.48 - T52865 7.02 || 19 -674013 | 4.38 -T78122 7.02 
20 -5583824 | 4.48 - 758286 | 7.02 || 20 -574276 | 4.38 -T78548 | 7.02 
21 | 9.558593 | 4.48 | 9.758707 | 7.02 || 21 | 9.574539 | 4.88 | 9.778964 | 7.02 
22 .558862 | 4.48 - 754128 7.02 || 22 -574802 | 4.37 -T79385 | 7.00 
23 -559131 | 4.47 - 754549 |. 7.08 || 23 -575064 | 4.88 -T79805 | 7.02 
24 .5593899 | 4.47 «754971 7.C2 |} 24 -575927 | 4.387 -780226 | 7.02 
25 .559667 | 4.48 -755892 | 7.02 || 25 -575589 | 4.38 -T80647 | 7.02 
26 -559936 | 4.47 755813 7.02 || 26 -575852 | 4.87 - 781068 7.00 
27 -560204 | 4.47 756284 7.02 || 27 -576114 | 4.87 - 781488 7.03 
28 -560472 | 4.47 - 756655 7.02 || 28 -576876 | 4.87 . 781909 7.02 
29 -5607- 4.47 -TST0T6 7.03 || 29 -576638 | 4.37 - 7823380 | 7.02 
30 -561008 | 4.47 -757498 | 7.02 |] 380 -576900 | 4.87 -T82751 | 7.00 
81 | 9.561276 | 4.47 | 9.757919 | 7.02 || 81 | 9.577168 | 4.87 | 9.788172 7.02 
82 -561544 | 4.45 . 758340 7.02 || 82 -b7T424 | 4.35 - 783592 | 7.02 
83 -561811 | 4.47 -T58761 7.02 || 88 -577685 | 4.37 - 784013 | 7.00 
34 -562079 | 4.45 759182 7.023 || 84 577947 | 4.35 - 784433 7.02 
35 -562346 | 4.45 -759603 7.03 || 85 -578208 | 4.37 784854 7.02 
86 -562613 | 4.47 - 760024 7.02 || 86 -578470 | 4.35 -T85275 7.02 
87 -562881 ] 4.45 - 760445 | 7.02 || 87 -578781 | 4.35 o 785696 | 7.00 
38 -563148 | 4.45 -760866 | 7.02 || 88 -578992 | 4.35 -786116 | 7.02 
39 -563415 | 4.45 - 761287 7.02 || 89 -570253 | 4.85 86557 7.02 
40 -563682 | 4.43 -761708 | 7.02 || 40 -579514 | 4.35 «786958 |} 7.00 
41 | 9.563948 | 4.45 | 9.762129 7.02 || 41 | 9.579775 | 4.85 | 9.787378 | 7.02 
42 -564215 | 4.45 -762550 7.02 || 42 -580086 | 4.35 «787799 7.02 
43 564482 | 4.43 - 762971 7.02 || 43 -580297 | 4.83 -T88220 7.02 
44 5647: 4.45 -763392 | 7.02 || 44 -580557 | 4.35 T8864 7.00 
45 -565015 | 4.43 -T63813 | 7.02 || 45 -580818 | 4.83 -7T89061 | 7.02 
46 -565281 4.43 764234 7.02 || 46 -581078 | 4.35 - 789482 7.02 
47 565547 | 4.43 «764655 7.02 || 47 -581889 | 4.33 789903 | 7.00 
48 565813 | 4.43 -765076 | 7.02 || 48 -581599 | 4.33 - 790823 | 7.02 
49 56607: 4.43 -T65497 7.02 || 49 -581859 | 4.83 -T90744 | 7.08 
50 -566345 | 4.43 -765918 | 7.02 || 50 -582119 | 4.33 -791165 | 7.02 
51 | 9.566611 | 4.43 | 9.766339 | 7.02 |] 51 | 9.582379 | 4.83 | 9.791586 | 7.00 
52 -566877 | 4.42 - 766760 | 7.02 || 52 -582639 | 4.32 -792006 | 7.02 
53 -567142 | 4.43 -T67181 7.02 || 58 -582898 | 4.33 ~ 792427 | 7.02 
54 .567408 | 4.42 -767602 | 7.00 || 54 -583158 | 4.88 -T92848 | 7.00 
55 .567673 | 4.42 768022 | 7.02 |] 55 -588418 | 4.82 798268 | 7.02 
56 -567938 | 4.43 7 7.02 || 56 -583677 | 4.82 793689 | 7.02 
57 -568204 | 4.42 - 768864 | 7.02 || 57 -5838936 | 4 83 -794110 | 7.02 
58 -568469 | 4.42 - 769285 | 7.02 || 58 -584196 | 4.32 794531 7.00 
59 .568734 | 4.42 -769706 | 7.02 |] 59 .584455 | 4.82 794951 7.02 
60 | 9.568999 | 4.42 | 9.770127 | 7.02 || 60 | 9.584714 | 4.82 | 9.795872 | 7.02 
Se ae ta SS ee ME, 
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52° 53° 

4 lo Vers.x]/D..1°. | Ex. see: | D.'1", || 4 Vers. |D.1’.| Ex. sec. | D. 1’. 
-0 | 9.584714 |. 4.32 | 9.795372 7.02 0 | 9.600085 | 4:22 | 9.820622 7.02 

1 .584973 | 4.32 «795793 7.00 1 -600838 | 4.22 .821043 | 7.02 

2 . 585232 4.32 «796213 7.02 2 -600591 | 4.23 .821464 7.02 

3 .585491 4.30 - 796634 7.02 3 -600845 | 4.22 .821885 | 7.02 

4 -585749 4.32 «797055 %.02 4 601098 | 4.22 . 822306 7.02 

5 .586008 4.30 79746 7.00 5 601851 | 4.20 .822727 | 7.02 

6 . 586266 4.32 . 797896 7.02 6 601603 | 4.22 -823148 | 7.02 
Wy .586525. 4.30 «798317 7.02 7 -601856 | 4.22 823569 7.02 
8 .586783 | 4.30 . 798738 7.00 8 -602109 | 4.22 .823990 7.02 

9) .587041 4.30 . 799158 7.02 9 .602362 | 4.20 -824411 7.03 
10} .587299 | 4.30) .799579 | 7.02 || 10 | 602614 | 4.20] 824883 | 7.02 
41} 9.587557 | 4.30 | 9.800000 | 7.02 || 11 | 9.602866 | 4:22 | 9.825254 |} 7.02 
12 .587815 4.30 .800421 7.00 || 12 -608119 | 4.20 825675 7.02 
13 .588073 4.30 -800841 7.02 || 13 .603371 | 4.20 .826096 | 7.02 
14 .588331 4.28 .801262 7.02 || 14 - 608623 | 4.20 .826517 | 7.02 
15 . 588588 4.28 .801688 7.02 |) 15 .608875 | 4.20 826988 7.03 
16 .588846 4.28 «802104 7.00 || 16 .604127 | 4.20 .827860 | '7.02 
17 .589103 4.30 «802524 | 7.02 || 17 .604379 | 4.20 .827781 7.02 
18 .589361 4.28 -802945 7.02 || 18 -604631 | 4.20 .828202 7.02 
19 .589618 | 4.28 .803366 7.02 || 19 .604883 | 4.18 -828623 | 7.02 
20 .589875 4.28 -803787 7.00 || 20 .605134 | 4.20 -829044 |} 7.03 
21 | 9.590132 4.28 | 9.804207 7.02 || 21 | 9.605386 | 4.18 | 9.829466 7.02 
22 | .590389 4.28 .804628 7.02 || 22 .605637 | 4.18 829887 7.02 
23 .590646 4.28 805049 7.02 || 23 .605888 | 4.20 .8303808 | 7.02 
24 .590903 4.28 805470 7.02 || 24 -606140 | 4:18 .830729 7.08 
25 .591160 4.27 805891 7.00 || 25 -606891 | 4:18 .831151 7.02 
26 .591416 4.28 806311 7.02 || 26 -606642 | 4.18 881572 7.02 
27 .591673 4.27 806782 7.02 || 27 -606893 | 4.18 .831993 7.08 
28 .591929 4.27 -807153 7.02 || 28 .607144 | 4.17 -832415 7.02 
29 .592185 | 4.28 807574 7.02 || 29 -607894 | 4.18 832856 7.02 
30 ~592442 4.27 .807995 7.00 || 30 -607645 | 4.18 833257 7.03 
81 | 9.592698 | 4.27 | 9.808415 7.02 || 81 | 9.607896 | 4.17 | 9.833679 | 7.02 
32 592954 4.27 -808836 7.02 |}. 82 .608146 | 4.18 834100 7.03 
33 .593210 4.27 «809257 7.02 || 83 -608397 | 4.17 .884522 7.02 
34 .593466 4.25 -809678 7.02 || 34 .608647 | 4.17 -834943 7.02 
35 598721 4.27 -810099 7.02 || 35 .608897 | 4.17 . 835364 7.08 
36 593977 4.27 -810520 7.00 || 86 609147 | 4.17 . 835786 7.02 
37 594233 ) 4.25 .810940 | 7.02 || 87 609397 | 4.17 .836207 | 7.08 
38 .594488 4.25 .811361 7.02 |) 38 -609647 | 4.17 -836629 7.02 
39 -594743 4.27 .811782 7.02 |) 39 .609897 | 4.17 .837050 | 7.03 
40 .594999 | 4.25 -812203 7.02 || 40 -610147 | 4.17 8387472 | 7.02 
41 | 9.595254 4.25 | 9.812624 7.02 || 41 | 9.610397 | 4.15 | 9.837893 | 7.08 
42 595509 4.25 ~8138045 7.02 || 42 -610646 | 4.17 ~ 8388315 7.02 
43 595764 4.25 -813466 7.00 || 43 -610896 | 4.15 .838736 7.03 
“4 596019 4.25 -813886 702 || 44 ~611145 | 4.15 -839158 % 02 
45 596274 4.23 -814307 7.02 || 45 -611894 | 4.17 .839579 7.03 
46 596528 | 4.25 814728 7.02 || 46 -611644 | 4.15 -84C001 7.08 
47 596783 4.25 815149 7.02 || 47 .611893 | 4.15 840423 7.02 
48 .597038 4.23 815570 7.02 || 48 -612142 | 4.15 . 840844 7.03 
49 .597292 | 4.23 815991 7.02 || 49 .612391 | 4.15 , 841266 7.02 
50 .597546 | 4.25 816412 | 7.02 || 50 -612640 | 4.13 .841687 | 7.03 
51 | 9.597801 4.23 | 9.816883 | 7.02 || 51 | 9.612888 | 4.15 | 9.842109 | 7.03 
52 .598055 4.23 .817254 7.02 || 52 .613137 | 4.15 842531 7 03 
53 .598309 | 4.23 817675 7.02 || 53 .613386 | 4.13 +842953 7.02 
54 .598563 | 4.23 .818096 | 7.02 || 54 -613634 | 4.15 .843874 | 7.03 
55 .598817 4.23 .818517 7.02 || 55 -618883 | 4.18 843796 7.08 
56 .599071 4.22 -818938 7.02 || 56 .6141381 | 4.13 -844218 | 7.02 
57 .599324 | 4.23 ~819859 7.02 || 57 .614879 | 4.13 -844639 | 7.03 
58 599578 | 4.22 .819780 | 7.02 || 58 .614627 | 4.15 -845061 7.03 
59 .599831 4.23 -820201 7.02 || 59 .614876 | 4.13 -845483 7.03 
60 | 9.600085 | 4.22 | 9.820622 | 7.02 !| 60) 9.615124 | 4.12 | 9.845905 7.03 
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54° 55° 
lL | Vers. | D. 1’. | Ex. sec. | D. 1’ f Vers. |D.1".| Ex. sec. |D. 1’. 
0 | 9.615124 | 4.12 | 9.845905 7.03 0 | 9.629841 | 4.05 | 9.871250 7.05 
1| .6153871 | 4.13 | 1846327 | 7.03 || 1] .630084 | 4.03 | .871673 | 7.05 
2| 615619 | 4.13] .846749 | 7.02 || 2] 680326 | 4.05.| .872096 | 7.05 
8] 1615867 | 4.18] .847170| 7.03 || 3] .630569 | 4.03 |~ .872519 | 7.05 
4 .616115 4.12 -847592 7.03 4 .630811 | 4.05 -872942 7.07 
5 .616362 4.13 .848014 7.03 5 -631054 | 4.03 .873366 7.05 
6 .616610 | 4.12 -848436 7.03 6 -631296 | 4.03 873789 7.05 
Gi -616857 | 4.12 .848858 | 7.03 q -6315388 | 4.03 874212 7.07 
8 -617104 | 4.12 -849280 7.03 8 -631780 | 4.03 -874636 7.05 
9 .6172851 4.12 849702 | 7.03 9 -632022 | 4.03 875059 7.05 
10 | .617598 | 4.12} .850124} 7.03 || 10 | .682264 | 4.02 875482 | 7.07 
11 | 9.617845 | 4.12 | 9.850546 7.03 || 11 | 9.632505 | 4.03 | 9.875906 7.05 
12 -618092 4.12 -850968 7.03 || 12 -632747 | 4.03 .876329 7.05 
13 .618839 4.12 851390 7.03 || 13 -632989 | 4.02 - 876752 7.07 
14 -618586 | 4.12 851812 | 7.03 || 14 -633230 | 4.03 877176 7.05 
15 .618833 4.10 852234 7.03 || 15 -633472 | 4.02 .877599 7.07 
16 -619079 | 4.12 852656 7.03 || 16 .633713 | 4.02 -878023 | 7.05 
7 .6193826 | 4.10 85307 7.03 || 17 -633954 | 4.03 .878446 7.07 
18 .619572 | 4.10 ~853500 7.05 || 18 .634196 | 4.02 -878870 7.07 
19 -619818 | 4.12 .8538923 | 7.03 || 19 -634437 | 4.02 -879294 7.05 
20 .620065 | 4.10 .854345 7.03 || 20 -634678 | 4.02 879717 | 7.07 
21 | 9.620311 4.10 | 9.854767 7.03 |! 21 | 9.634919 | 4.00 | 9.880141 2.07 
ae 620557 4.10 .855189 7.05 || 22 -635159 | 4.02 -880565 7.05 
23 -620803 | 4.08 -855012 | 7.03 |) 2 -635400 | 4.02 -880988 7.07 
24 .621048 | 4.10 -856034 | 7.03 || 24 -685641 | 4.00 -881412 7.07 
25 -621294 | 4.10 856456 7.03 || 25 -685881 | 4.02 -881836 7.07 
26) ,621540 ' 4.10 .856878 | 7.05 || 2 -686122 | 4.00 -882260 7.05 
27; .621786 | 4.08 .857301 C03 20 -686862 | 4.02 -882683 7.07 
28 . 622031 4.08 857723 7 03 || 28 -636603 | 4.00 -8838107 7.07 
25 -622276 | 4.10 -858145 7.05 || 29 -686843 | 4.00 -883531 7.07 
30 -622522 | 4.08 .858568 7.03 || 80 .637083 | 4.00 -883955 | 7.07 
31 | 9.622767 | 4.08 | 9.858990 | 7.05 |} 31 | 9.637323 | 4.00 | 9.884379 7.07 
32 -623012 | 4.08 -859413 7.03 || 82 .687563 | 4.00 -884803 7.07 
33 -623257 | 4.08 .859835 7.05 || 33 -687803 | 4.00 -885227 7.07 
34 -623502 | 4.08 860258 | 7.03 || 84 -638043 | 4.00 885651 7.07 
3 -623747 | 4.08 860680 7.05 || 85 -688283 | 8.98 -886075 7.07 
36 .623992 | 4.08 861108 7.03 || 36 -638522 | 4.00 886499 7.07 
37 -624237 | 4.07 861525 7.05 || 387 .638762 | 3.98 -886923 7.07 
88 -624481 4.08 861948 7.03 || 38 -689001 | 4.00 .887847 | 7.08 
39 -624726 | 4.07 862370 7.05 || 39 -689241 | 3.98 -887772 7.07 
40 -624970 | 4.08 .862793 | 7.03 || 40 -639480 | 3.98 .888196 7.07, { 
41 | 9.625215 | 4 07 | 9.863215 7.05 || 41 | 9.639719 | 3.98 | 9.888620 7.07 
42 625459 4.07 .863688 7.05 || 42 -689958 | 3.98 .889044 7.08 
43 -625703 | 4.07 -864061 7.03 || 43 -640197 | 3.98 -889469 7.07 
44 -625947 | 4.07 -864483 7.05 || 44 - 640436 | 8.98 -889893 7.07 
45 -626191 4.07 -864906 7.05 || 45 -640675 | 8.98 -890317 7.08 
46 .6264385 | 4.07 -865329 7.05 || 46 -640914 | 3.98 -890742 7.07 
47 -626679 | 4.07 -865752 7.03 || 47 -641153 | 3.97 -891166 7.08 
48 -626923 | 4.05 .866174 7.05 || 48 -641391 | 3.98 -891591 7.07 
49 -627166 | 4.07 .866597 7.05 |} 49 -6416380 | 3.97 .892015 7.08 
50 | .627410 | 4.07 | .867020|] 7.05 || 50} .641868 | 3.98 | .892440 | 17.07 
51 | 9.627654 4.05 | 9.867443 7.05 || 51 | 9.642107 | 3.97 | 9.892864 7.08 
52 .627897 | 4.05 .867866 7.05 || 52 .642845. | 3.97 -898289 7.08 
53 -628140 | 4.07 -868289 7.05 || 58 -642583 | 3.98 .8938714 7.07 
54 -628384 | 4.05 .868712 7.05 || 54 -642822 | 3.97 -894138 7.08 
55 -628627 | 4.05 - 869135 7.05 || 55 -648060 | 3.97 -894563 7.08 
56 -628870 | 4.05 -869558 7.05 || 56 -643298 | 3.95 .894988 7.07 
57 -629113 | 4.05 -869981 7.05 || 57 -643535 | 3.97 -895412 7.08 
58 -629356 | 4.03 .870404 7.05 || 58 -648773 | 3.97 -895837 7.08 
59 .629598 | 4.05 870827 7.05 || 59 -644011 | 3.97 -896262 7.08 
60 | 9.629841 | 4.05 | 9.871250 | 7.05 || 60 | 9.644249 | 3.95 | 9.896687 | 7.08 
EE I ILI ERE IEE OS 
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56° 57° 
oo Vers. | D. 1". | Ex. sec, | D 1”. || ’ Vers. |D.1".| Ex. sec. |D. 1°. 
0 | 9.644249 8.95 | 9.896687 7.08 0 | 9.658356 | 3.87 | 9.922247 7.12 
1 -644486 3.97 .897112 7.08 1 -658588 | 3.88 922674 4.13 
2 6447: 3.95 -897537 7.08 2 .658821 | 3.87 -923102 | 7.12 
3 -644961 3.95 -897962 7.03 3 .659053 | 3.88 - 923529 7.12 
4 .645198 3.95 .898387 | 7.08 4 -659286 | 3.87 -923956 7.13 
5 -645436 | 3.97 -898812 7.08 5 -659518 | 3.87 924384 7.12 
6 .64567% 3.95 899237 7.08 6 .659750 | 3.88 -924811 7.13 
sv -645910 3.95 .899662 7.08 7 -659983 | 3.87 925239 i aa? 
8 -646147 3.95 .900087 | 7.08 8 660215 | 3.87 925666 7.13 
9 -646384 3.93 -900512 | 7.10 9 660447 | 3.87 - 926094 7.12 
10 646620 | 3.95 - 900938 7.08 || 10 660679 | 8.85 -926521 7.13 
11 | 9.646857 | 3.95 | 9.901863 | 7:08 || 11 | 9.660910 | 3.87 | 9.926949 | 7.13 
12 647094 3.93 -901788 | 7.08 || 12 -661142 | 8.87 927377 7.12 
13 -647330 | 3.95 - 902213 7.10 || 13 .661874 | 3.85 -927804 7.13 
14 - 647567 3.93 - 902639 7.08 || 14 -661605 | 3.87 -928232 7.13 
15 »647803 3.93 - 903064 7.10 || 15 -661837 | 3.85 - 928660 7.13 
16 .64803 3.95 - 903490 7.08 || 16 -662068 | 3.87 - 929088 7.13 
17 -648276 3.93 -903915 | 7.10 || 17 -662300 | 3.85 -929516 7.13 
18 -648512 3.93 -904341 7.08 |) 18 .662531 | 3.85 - 929944 7.13 
19 ~648748 | 3.93 -904766 | 7.10 || 19 -662762 | 3.85 980372 | 7.13 
20 -648984 | 3.93 -905192 | 7.08 || 20 -662993 | 3.85 -930800 | 7.13 
21 | 9.649220 | 3.93 | 9.905617 | 7.10 || 21 | 9.663224 | 3.85 | 9.931228 | 7.138 
22 649456 3.92 - 906043 7.10 || 22 .663455 | 3.85 - 931656 7.15 
23 -649691 8.93 - 906469 7.08 || 23 -663686 | 3.85 -932085 7.13 
-649927 3.93 - 906894 7.10 || 24 -663917 | 3.85 -932513 | 7.12 
25 -650163 3.92 - 907320 7.10 || 25 -664148 | 3.83 - 932941 7.13 
26 650398 | 3.92 - 907746 7.10 || 26 .664378 | 3.85,] .933369 W165 
27 650683 3.93 -908172 | 7.10 || 27 -664609 | 3.83 -933798 7.13 
28 650869 | 3.92 -908598 | 7.10 || 28 .664839 | 3.85 - 934226 7.15 
29 651104 3.92 -909024 7.10 || 29 -665070 | 3.83 - 984655 7.13 
30 651339 3.92 - 909450 7.10 || 30 .665300 | 3.88 . 935083 yep} 
31 | 9.651574 | 3.92 | 9.909876 | 7.10 || 81 | 9.665530 | 3.83 | 9.935512 | 7.15 
32 -651809 3.92 - 910302 7.10 || 32 .665760 | 3.83 . 985941 7.18 
33 -652044 3.92 - 910728 7.10 || 33 -665990 | 3.83 . 986369 7.15 
34 -652279 3.92 -911154 7.10 || 34 .666220 | 3.83 .936798 vie 
35 652514 3.90 -911580 | 7.10 || 35 .666450 | 3.83 937227 ie 
36 652748 3.92 - 912006 7.10 || 36 .666680 | 3.83 937656 7.05 
37 - 652983 8.90 -912432 7.12 || 37 -666910 | 3.82 988085 7.13 
38 -653217 3.92 - 912859 7.10 || 88 .667139 | 3.83 938513 7.15 
39 653452 | 3.90 - 913285 7.10 || 39 -667369 | 3.83 -938942 WAS 
40 -653686 3.90 918711 7.12 || 40 -667599 | 3.82 - 939871 7g 
41 | 9.653920 | 3.92 | 9.914188 | 17.10 || 41 | 9.667828 | 3.82 | 9.939801 VIS 
42 -654155 3.90 -914564 7.12 || 42 .668057 | 3.83 .940280 | 7.15 
43 -654389 | 3.90 .914991 7.10 || 43 -668287 | 3.82 - 940659 %.16 
44 - 654623 3.90 .915417 7.12 || 44 .668516 | 3.82 -941088 (5) 
45 .654857 | 3.88 -915844 | 7.10 || 45 .668745 | 3.82 941517 | 7.17 
46 -655090 3.90 - 916270 7.12 || 46 .668974 | 3.82 ~ 941947 7.15 
47 -655824 3.90 -916697 | 7.12 || 47 .669203 | 3.82 ~ 942376 %.15 
.655558 3.90 -917124 | 7.10 |} 48 -669482 | 3.82 .942806.) 7.15 
49 -655792 3.88 997550 7.12 || 49 .669661 | 3.80 9438235 CAG 
50 -656025 3.88 9179277 7.12 || 50 .669889 | 3.82 . 943665 7.15 
(51 | 9.656258 | 3.90 | 9.918404 ] 7.12 || 51 | 9.670118 | 3.82 | 9.944094 | 7.17 
(52 -656492 3.88 -918831 M12 }) BZ -670347 | 3.80 .944524 | 7.15 
‘53 656725 3.88 -919258 | 7.12 || 53 .670575 | 3.82 . 944953 Tag 
\54 .656958 | 3.88 - 919685 7.12 || 54 .670804 | 3.80 .945383 | V.F 
\55 657191 3.88 -920112 | 7.12 ||°55 .671032 | 3.80 .945813 | 7.17 
56 -657424 | 3.88 - 920539 7.12 || 56 .671260 | 3.80 .946243 | 7.17 
By4 -657657 | 3.88 -920966 | 7.12 || 57 -671488 | 3.80 .946673 | 7.17 
58 .657890 3.88 -921393 7.12 || 58 -671716 | 3.82 -947103 | 7.17 
59 . 658123 3.88 - 921820 7.12 || 59 .671945 | 3.78 -947533 re YG 
8.87 | 9.922247 1 7.12 || 60 | 9.672172 | 3.80 | 9.947968 TAT 


(60 | 9.658356 
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58° 59° 

4 Vers. | D.1*..| Ex. sec. | D. 1’. 2 Vers...“|'D, 1.) Ex, sees {D. 1°. 
0 | 9.672172 8.80 | 9.947963 VAT 0 | 9.685708 | 8.72 | 9.978863 23 
1 .672400 3.80 -948393 | 7.17 1 -685931 3.72 -974302 23 
2 672628 3.80 - 948823 WAT 2 .686154 | 8.72 .974736 22 
3 672856 3.78 949253 TAZ 3 .686377 | 3.72 ~ 975169 23 
4 673083 3.80 - 949683 718 4 686600 | 3.72 - 975603 23 
5 673311 3.78 -950114 MENT 5 686823 | 3.72 - 976037 23 
6 673588 3.80 .950544 | 7.18 6 687046 | 3.72 - 976471 23 
q 673766 |. 3.78 - 950975 V17 v4 687269 | 3.72 -976905 23 
8 673993 3.78 - 951405 7.18 8 687492 | 3.70 - 977339 23 
9 674220 3.80 - 951836 (62.46 9 687714 | 3.72 ITTF 23 

10 674448 3.78 . 952266 7.18 || 10 687937 | 3.70 «978207 23 

11 | 9.674675 3.78 | 9.952697 7.18 || 11 | 9.688159 | 3.72 | 9.978641 23 

12 .674902 3.78 - 953128 VAT || 12 .688382 | 3.70 .979075 23 

13 -675129 3,78 - 953558 7.18 || 13 - 688604 | 3.7 -979510 23 

14 -675356 | 38.77 .958989 7.18 || 14.| .688826 | 3.70 -979944 .25 

15 - 675582 3.78 - 954420 7.18 || 15 -689048 | 3.72 - 980379 23 

16 .675809 3.78 954851 7.18 || 16 -689271 | 3.70 - 980813 25 

1? -676036 3.77 - 955282 7.18 || 17 | ..689498 | 3.70 - 981248 

18 - 676262 3.78 - 955713 7.18 || 18 -689715 | 3.70 -981682 

19 -676489 3.77 -956144 7.18 |) 19 .689937 | 3.68 - 982117 

20 -676715 | 3.77 - 956575 7.18 || 20 -690158 | 3.70 «982552 

21 | 9.676941 3.78 | 9.957006 7.20 || 21 | 9.690380 | 3.70 | 9.982987 d 

22 677168 | 3.77 - 957438 VAS || 22 -690602 | 3.68 - 983422 

23 -677394 | 3.77 - 957869 7.18 }|°23 -690823.| 3.70 - 983857 

24 -677620 | 3.77 - 958300 7.20 || 24 -691045 | 3.68 - 984292 

25 .677846 3.77 - 958732 7.18 || 25 -691266 | 3.70 - 984727 
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25 

25 

25 

25 

25 

25 

25 

25 

26) .678072 | 3.77 | .959163 | 7.20 || 26 | :691488 | 3.68.| ‘os5162 | 7.95 
27 | .678298 | 3.75 | .959595.| 7.18 || 27 | ‘691709 | 3.68 | ‘osssov | 7.97 
28 | .678523 | 3.77 | .960026 | 7.20 || 28 | '691930 | 3:68 | 986033 | 7.95 
29 | 678749 | 3.77 | .960458 | 7-20 || 29) ‘602151 | 3.68] ‘980468 | 7.97 
80} .678975 | 3.75 | .960890 | 7.18 || 30 | 1692372 | 3.68] ‘986904 | 7.25 
31 | 9.679200 | 3.77 | 9.961321 | 7.20 || 31 | 9.692593 | 8.68 | 9.987339 | 7.27 
32} 679426 | 3.75 | 961758 | 7.20 || 82] ‘602814 | 3.63 | 987775 | 7.25 
33 | 679651 | 3.75 | .962185 | 7.20 || 33 | 1603085 | 3.683 | ‘9sszi0 | 7.27 
84) .679876 | 3.77 | .962617 | 7.20 || 34] 1693056 | 3.68| ‘988646 | 7.27 
85 | 680102 | 3.75 | .963049 | 7.20 || 85 | Le03477 | 3.67 | ‘980082 | 7:97 
86 | .680327 | 3.75 | .963481. | 7.20 | 36] ‘603697 | 3.68] ‘980518 | 7.27 
87 | 680552 | 3.75) 963913 | 7.20 || 37 | 693018 | 3.67] ‘989954 | 7.97 
88 | .680777 | 3.75 | .964345 | 7.22 || 38 | 1694138 | 8.68 | |990390| 7.27 
89} 681002 | 3.75 | .964778 | 7.20 || 39] 1604359 | 3.67 | ‘990826 | 7/97 
40) .681227 | 3.73 | .965210 | 7-20 || 40| ‘604579 | 3.67 | ‘991962 | 7.97 
41 | 9.681451 | 3.7% | 9.965642 | 7.22 || 41'| 9.604799 | 3.67 | 9.991608 | 7.07 
42 | .681676 | 3.75 | .966075 | 7.20 || 42 | ‘695019 | 3168 | 992134 | 7198 
43 | .681901 | 3.73 | .966507 | 7:22 || 43 | ‘695240 | 867 | ‘902571 | 7/ay 
44) .682125 | 3.75 | .966940 | 7.20 || 44 | 695460 | 8.67 | 1993007 | 7128 
45 | .682350 | 3.78 | 967372 | 7.22 || 45 | 695680 | 3.65 | ‘903444 | 7.97 
46} 682574 | 3.73) .967805 | 7.22 || 46 | 1695899 | 3.67 | 993880 | 7.28 
47 | .682798 | 3.75 | .968238 | 7.20 || 47) ‘606119 | 3.67 | 904317 | 7198 
48 | .683023 | 3.73 | .968670 | 7.22 || 48 | '606389.| 3.67 | 904754 | 7198 
49 | .688247 | 8.73 | .969103 | 7.22 || 49| 1606559 | 3165 | ‘995191 | 7.97 
50} 683471 | 3.73 | .969536 | 7.22 || 50] ‘696778 | 3.67 | 995627 | 7.98 
51 | 9.683695 | 3.73 | 9.969969 | 7.22 || 51 | 9.696998 | 3.65 | 9.996064 | 7.98 
52] 683919 | 3.73 | .970402 | 7.22 || 52] Le97217 | 3.67 | {996501 | 7.28 
53 | .684143 | 3.73 | .970835 | 7.22 || 53] ‘697437 | 3.65 | 1996038 | 7.30 
54} .684367 | 8.72 | .971268 | 7.22 | 54 | 1697656.| 3.65 | ‘997376 | 7128 
55 | .684500 | 3.73 | .971701 | 7.23 || 55 | ‘e97e75.| 3.65.1 1997813 | 7108 
56 | 684814 | 8.72 | .972135 | 7.22 || 56 | 698094 | 3.65.) 1908250 | 7198 
57 | .685087 | 3.73 | .972568 | 7.22 || 57 | 1698313 | 3.65 | logses7 | 7.30 
58 | .685261 | 3.72] .973001 | 7.23 || 58 | ‘698532 | 3165 | 999125 | 7/28 
59 | | .685484 | 3.73 | | .973435 | 7.22 || 59 | 1698751 | 3.65 | 9.990562 | 7.30 
60 | 9.685708 | 3.72 | 9.973868 | 7.23 || 60 | 9.698970 | 3.63 110: 80 
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60° 61° 

4 Vers. |.D. 1’. |. Ex. sec. | D. 1” g Vers. |D.1’.| Ex. sec.. |D.1°. 
—|——___— ee pan [eee ee Re ee ee eS 
0 | 9.698970 | 3.65 | 10.000000 | 7.30 0 | 9.711968 | 3.57 | 10.026397 | 7.37 
1 -699189 3.63 -000488 | 7.28 al - 712182 | 3.58 -026839 | 7.37 
2 -699407 3.65 .000875 | 7.30 2 - 712397 | 3.57 027281 | 7.38 
3 -699626 3.65 .001318 | 7.30 3 - 712611 | 3.57 027724 | 7.388 
4 -699845 3.63 -001751 | 7.80 4 -712825 | 3.57 .028167 | 7.37 
5 - 700063 3.65 .002189 | 7.30 5 - 7130389 | 3.57 .028609 | 7.38 
6 -'700282 3.63 .002627 | 7.30 6 (18208 | 3.5% .029052 | 7.38 
ve -700500 | 3.63 .003065 | '7.30 7 - 713467 | 3.57 .029495 | 7.38 
8 -700718 | 8.63 -003503 | 7.32 8 - 713681 | 3.57 .029938 | 7.38 
9 - 700936 3.63 .003942 | 7.30 9 718895 | 3.57 .030381 | 7.40 
10 -701154 | 3.63 -004380 | 7.30 || 10 -714109 | 3.57 -030825 | 7.38 
11 | 9.701372 |. 8.63 | 10.004818 | 7.32 || 11 | 9.714323.) 3.55 | 10.031268 | 7.38 
12 - 701590 3.63 .005257 | 7.30 || 12 -714586 | 3.57 -081711 | 7.40 
13 -701808 3.63 .005695 | 7.82 || 13 - 714750 | 3.55 -082155 | 7.38 
14 ~ 702026 3.63 -006134 | 7.82 || 14 - 714963 | 3.57 .032598 | 7.40 
15 -702244 3.63 006573 | 7.32 || 15 stlolet, 13.05 .033042 | 7.40 
16 702462 8.62 -007012 | 7.80 || 16 - 715390 | 3.55 .033486 | 7.38 
17 - 702679 3.63 -007450 | 7.32 || 17 - 715603 | 3.57 .033929 | 7.40 
18 - 702897 3.62 .007889 | 7.82 || 18 - 715817 | 3.55 .034373 | 7.40 
19 - 7038114 3.63 -008828 | 7.382 || 19 - 716030 | 3.55 -034817 | 7.40 
20 - 703832 8.62 008767 | 7.33 || 20 - 7162438 | 3.55 .035261 | 7.40 
21 | 9.703549 | 8.62 | 10.009207 | 7.382 || 21 | 9.716456 | 3.55 | 10.035705 | 7.42 
22 - 703766 8.62 -009646 | 7.82 || 22 - 716669 | 3.55 .036150 | 7.40 
23 - 703983 3.62 010085 | 7.33 || 23 - 716882 | 3.55 .086594 | 7.40 
24 - 704200 3.62 010525 | 7.32 || 24 - 717095 | 3.53 .037038 | '7.42 
25 - 704417 38.62 010964 | 7.33 || 25 «7173807 | 3.55 -037483 | 7.42 
26 -'704634 3.62 011404 | 7.382 || 26 -717520 | 3.53 -037928 | 7.40 
27 - 704851 3.62 -011843 | 7.33 || 27 717732 | 3.55 -038372 | 7.42 
28 - 705068 3.62 -012283 | 7.33 || 28 717945 | 3.53 .038817 | 7.42 
29 - 705285 | 3.60 012723 ; 7.383 {| 29 - 718157 | 8.55 .039262 | 7.42 
30 - 705501 | 3.62 -013163 | 7.33 || 380 - 718370 | 3.53 -039707 | 7.42 
31 | 9.705718 8.62 | 10.013603.| 7.33 || 31.| 9.718582 | 3.53 | 10.040152 | 7.42 
32 «705935 3.60 .014043 | 7.33 || 382 - 718794 | 3.55 -040597 | 7.42 
33 - 706151 8.60 .014483 | 7.33 |) 33 -719007 | 3.53 -041042 | 7.43 
34 - 706367 8.62 -014923 | 7.385 || 34 -719219 | 3.53 -041488 | 7.42 
35 706584 38.60 015363 | 7.35 || 35 -719431 | 3.53 .0419383 | 7.48 
36 706800 | 38.60 -015804 | 7.33 || 36 - 719643 | 3.53 -042379 | 7.42 
37 707016 3.60 .016244 | 7.33 7 -719855 | 3.52 042824 | 7.43 
38 707232 3.60 .016684 | 7.33 || 388 -720066 | 3.53 .043270 | 7.43 
39 707448 3.60 .017125 | 7.35 || 39 . 720278 | 3.53 -043716 | '7.43 
40 707664 | 3.60 -017566 | 7.35 || 40 ~%20490 | 3.52 .044162 | 7.48 
41 | 9.707880 8.60 | 10.018007 | 7.83 || 41.| 9.720701 | 8.53 | 10.044608 | 7.43 
42 708096 3.58 -018447 | 7.35 || 42 . 720913 | 3.52 .045054 | 7.43 
43 708311 3.60 018888 | 7.35 || 43 721124 | 3.53 .045500 | 7.48 
44 708527 3.60 019329 | 7.35 || 44 . 721336 | 3.52 -045946 | 7.45 
45 708743 3.58 01977 7.387 || 45. . 721547 | 3.52 -046393 | 7.43 
46 708958 3.60 020212 | 7.35 || 46 - 721758 | 3.53 046839 | 7.45 
47 709174 3.58 020653 | 7.385 || 47 - 721970 | 3.52 -047286 | 7.43 
48 709389 3.58 .021094 | 7.35 || 48 ~ 722181 | 3.52 047782 | 7.45 
49 . 709604 3.58 .021535 | 7.3) 49 7223892 | 3.52 .048179 | 7.45 
50 - 709819 3.58 -021977 | 7.37 |} 50 . 722603 | 3.52 -048626 | 7.45 
51 | 9.710035 |. 3.58 | 10.022419 | 7.85 |) 51-] 9,722814 | 3.50 | 10.049073 7.45 
52 -710250 | 3.58 -022860 | 7.387 || 52 723024 | 3.52 -049520 | 7.45 
53 - 710465 3.58 -023302 | 7.37 || 53 6128280 | 3.52 .049967 | 7.45 
54 - 710680 3.58 ~023744 | 7.387 || 54 «723446 | 3.52 .050414 | 7.45 
55 - 710895 3.57 -024186 | 7.37 || 55 723657 | 3.50 .050861 | 7.47 
56 -711109 | 3.58 -024628 | 7.37 ||. 56 723867 | 3.52 .051309 | 7.45 
57 - 711324 3.58 -025070 | 7.37 || 57 . 724078 | 3.50 .051756 | 7.47 
58 . 711539 3.57 .025512 | 7.37 || 58 -124288 | 3.50 .052204 | 7.47 
59 «711753 3.58 .025954 | 7.38 || 59 724498 | 3.52 .052652 | 7.45 
60 | 9.711968 83.57 | 10.026397 | 7.87 || 60 | 9.724709 | 8.50 } 10.053099 | 7.47 


Le ee n= 
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62° 63° 

° Vers. | D.1%.| Ex. sec. |D.1’.|| ’ | Vers. Dt, | Sx. see (D1: 

0 | 9.724709 | 3.50 | 10.053099 | 7.47 || 0 | 9.737200 | 3.43 | 10.080153 | 7.58 

1 - 724919 3.50 053547 | 7.47 1 - 737406 | 3.43 -080608 | 7.57 
2 -725129'| 3.50 .053995 | 7.47 2 737612 | 3.43 .081062 | 7.57 
3 725389 | 3.50 .054443 | 7.48 3 137818 | 3.48 -081516 | 7.58 
4 725549 | 3.50 -054892 | 7.47 4 - 738024 | 3.43 -081971 | 7.57 
5 . 725759 | 3.50 -055340 | 7.47 5 > 738220 3.43 -082425 | 7.58 

6 . 725969 | 3.50 -055788 | 7.48 || 6 . 733436 | 3.43 -082880 | 7.58 

z 72617' 3.48 056237 | 7.47 (| 7 . 738642 | 3.42 .083335 | 7.58 
8 726388 | 3.50 .056685 | 7.48 || 8 738847 | 3.43 .083790 | 7.58 

9 - 726598 | 3.50 .057134 | 7.48 || 9 - 739053 | 8.42 -084245 | 7.58 
10 - 726808 | 3.48 .057583 | '7.48 || 10 - 739258 | 3.43 -084700 | 7.58 
11 727017 | 3.50 | 10.058032 | 7.48 |; 11 | 9.739464 | 3.42 | 10.085155 | 7.60 
12 127227 | 3.48 .058481 | 7.48 || 12 . 739669 | 3.43 .085611 | 7.58 
13 727486 | 3.48 .058930 | 7.48 || 13 739875 | 3.42 .086066 | 7.60 
14 «727645 | 3.50 -059379 | 7 48 || 14 -740080 | 3.42 -086522 | 7.58 
15 727855 | 3.48 -059828 | 7.50 || 15 - 740285 | 3.42 -086977 | 7.60 
16 - 728064 | 3.48 .060278 | 7.48 || 16 .740490 | 3.42 -087433 | 7.60 
17 (28273 | 3.48 -060727 | 7.50 || 17 - 740695 | 3.42 -087889 | 7.60 
18 | .728482 | 3.48 .061177 | 7.48 || 18 - 740900 ; 3.42 -088345 | 7.60 
19 -728691 | 3.48 -061626 | 7.50 || 19 - 741105 | 3.42 -088801 | 7.62 
20 | .728900 | 3.48 -062076 | 7.50 || 20 - 741310 | 3.42 -089258 | 7.60 
21 | 9.729109 | 3.47 | 10.062526 | 7.50 || 21 | 9.741515 | 8.40 | 10.089714 | 7.62 
22 (29817 | 3.48 062976 | 7.50 || 22 .T41719 | 8.42 -090171 | 7.60 
23 - 729526 | 3.48 -063426 | 7.50 || 23 741924 | 3.42 -090627 | 7.62 
24 729785 | 3.47 -068876 | 7.52 || 24 -%42129 | 3.40 -091084 | 7.62 
25 729943 | 3.48 -064327 | 7.50 |} 25 - 742333 | 3.42 -091541 | 7.62 
26 .780152 | 3.47 064777 | 7.50 || 26 - 742538 | 3.40 -091998 | 7.62 
27 730360 | 3.48 065227 | 7.52 || 27 - 742742 | 3.40 -092455 | 7.62 
28 - 730569 | 3.47 -065678 | 7.52 || 28 . 742946 | 3.40 -092912 | 7.63 
29 TB207T77 | 3.47 .066129 | 7.52 || 29 - 743150 | 3.42 .093370 | 7.62 
Bi 730985 | 3.47 .066580 | 7.50 || 30 - 7483855 | 3.40 -093827 | 7.68 
31 | 9.731193 | 3.47 | 10.067030 | 7.53 || 81 | 9.743559 | 3.40 | 10.094285 | 7 63 
82 -(81401 | 3.47 -067482 | 7.52 || 82 . 748762 | 3.40 -094743 | 7.62 
33 + 731609 | 3.47 -067933 | 7.52 || 33 - 743967 | 3.40 -095200 | 7.63 
34 (31817 | 3.47 -068384 | 7.52 || 34 - 744171 | 3.40 -095658 | 7.63 
35 732025 | 38.47 .068835 | 7.58 || 35 - 744875 | 3.38 -096116 | 7.65 
36 «T3228 3.47 -069287 | 7.52 || 36 «T4457 3.40 -096575 | 7.63 
87 | «732441 3.45 -069738 | 7.53 || 37 - 744782 | 3.40 -097033 | 7.68 
88 - 732648 | 38.47 -070190 | 7.53 || 38 - 744986 | 3.38 -097491 | 7.65 
39 782856 | 3.47 -070642 | 7.52 || 39 - 745189 | 3.40 .097950 | 7.63 
40 - 733064 8.45 -071093 | 7.53 || 40 - 745393 | 3.38 -098408 | 7.65 
41 | 9.733271 8.45 | 10.071545 | 7.55 || 41 | 9.745596 | 3.40 | 10.098867 | 7.65 
42 - 133478 | 8.47 -071998 | 7.53 || 42 - 745800 | 3.38 -099326 | 7.65 
43 - 738686 8.45 -072450 | 7.53 || 43 -746003 | 3.38 -099785 | 7.65 
44 . 733893 8.45 072902 | 7.53 || 44 - 746206 | 3.38 -100244 | 7 67 
45 «734100 8.45 073854 | 7.55 || 45 - 746409 | 3.40 -100704 | 7.65 
46 734307 8.47 -073807 | 7.55 || 46 - 746615 | 3.38 -101163 | 7.67 
47 «TB4515 8.43 -074260 | 7.53 || 47 - 746816 | 3.38 -101623 | 7.65 
48 034721 8.45 074712 | 7.55 || 48 «747019 | 3.38 - 102082 | 7.67 
49 (34928 8.45 -075165 | 7.55 || 49 «T47222 | 3.387 -102542 | 7.67 
50 «735185 8.45 .075618 | 7.55 || 50 747424 | 3.38 - 103002 | 7.67 
51 | 9 735342 8.45 | 10.076071 | 7.55 || 51 | 9.747627 | 3.38 10.103462 | 7.67 
52 «735549 | 8.43 -076524 | 7.55 || 52 - 747830 | 3.38 -103922 | 7.67 
53 B5755 8.45 016977 | 7.57 |] 53 . 748083 | 3.37 - 104382 | 7.68 
54 735962 | 3.45 -077431 | 7.55 || 54 - 748235 | 3.38 - 104843 | 7.67 
55 736169 | 3.43 077884 | TL5T |) 55 - 748438 | 3.37 - 105303 | 7.68 
56 - 736375 | 3.43 078338 | 7.57 || 56 -748640 | 3.38 1057 7.67 
57 (36581 8.45 078792 | 7.55 || 57 - 748843 | 3.37 - 106224 | 7.68 
58 (36788 | 3.43 -079245 | 7.57 || 58 - 749045 | 3.37 - 106685 | 7.68 
59 . 736994 | 8.43 .079699 | 7.57 || 59 749247 | 3.37 -107146 | 7.68 
60 | 9.737200 | 3.43 | 10.080153 | 7.58 || 60 | 9.749449 | 3 -88 | 10.107607 | 7.70 
iE a 


AND EXTERNAL SECANTS "185 






























































64° 65° 
| | | 

4 Vers. |D. 1".| Ex. sec., | D 1°. ||.’ Vers. |D.1’.| Ex. sec. |D.1". 

0 | 9.749449 | 3.38 | 10.107607 7.70 0 | 9.761463 | 3.80 | 10.185515 | 7.82 

1 .749652 | 3.37 108069 7.68 1 . 761661 | 3.32 . 185984 | 7.83 

2 .749854 | 3.37 | 108530 7.70 2 . 761860 | 3.30 .136454 | 7.82 

3 - 750056 | 3.37 108992 7.68 3 - 762058 | 3.30 -136923 | 7.83 

4 - 750258 | 3.35 109453 7.70 4 - 762256 | 3.30 -137893 | 7.83 

5 -70v459 | 3.37 109915 7.70 5 762454 | 3.30. .187863 | 7.83 

6 .7ov661 | 3.37 110377 | 7.70 6 - 762652 | 3.30 - 188333 | 7.83 

VY -20v863 | 3.37 110839 7.70 % - 762850 | 3.28 -138803 | 7.83 

8 -751U65 | 3.35 111301 7.70 8 - 763047 | 3.30 .139273 | 7.85 

9 - 751266 | 3.387 .111763 V2 9 - 768245 | 3.30 -139744 | 7.88 
10 -751468 | 3.35 112226 7.70 || 10 - 763443 | 3.30 .140214 | 7.85 
11 | 9.751669 | 3.37 | 10.112688 | 7.72 || 11 | 9.763641 | 3.28 | 10.140685 | 7.85 
12 - 751871 | 3.35 113151 yeees 12 . 763838 | 3.30 .141156 | 7.85 
13 . 752072 | 3.35 .113614 7.72 || 13 - 7640386 | 3.28 -141627 | 7.85 
14 - 752273 | 3.37 -114077 7.7 14 764233 | 3.28 .142098 | 7.85 
15 - 752475 | 3.35 .114540 7.42 |) 15 -764430 | 3.30 -142569 | 7.87 
16 . 752676 | 3.35 .115003 7.72 || 16 . 764628 | 3.28 .143041 | 7.85 
17 - 752877 | 3.35 .115466 7.72 || 17 - 764825 | 3.28 .143512 | 7.87 
18 753078 | 3.35 -11oy29 7.73 || 18 - 765022 | 3.28 .143984 | 7.87 
19 753279 | 3.35 .116393 7.73 || 19 .765219 | 3.28 .144456 | 7.87 
20 . 7538480 | 3.35 .116857 | 7.73 || 20 . 765416 | 3.28 -144928 | 7.87 
21 | 9.753681 | 3.33 | 10.117321 7.73 || 21 | 9.765613 | 8.28 | 10.145400 | 7.87 
22 -753881 | 3.35 117785 G3 ||| 22 - 765810 | 3.28 .145872 | 7.88 
23 . 754082 | 3.35 -118249 7.73 || 23 - 766007 | 3.28 .146345 | 7.88 
24 - 754283 | 3.33 .118713 7.73 |) 24 - 766204 | 3.28 -146818 | 7.87 
25 .754483 | 3.35 119177 Wegte) illo, - 766401 | 3.27 .147290 | 7.88 
26 . 754684 | 3.33 119642 7.73 || 26 - 766597 | 3.28 .147763 | 7.88 
27 754884 | 3.35 120106 TW || 27 - 766794 | 3.28 . 148286 | 7.90 
28 - 755085 | 3.33 120571 7.75 || 28 - 766991 | 3.27 -148710 | 7.88 
29 755285 | 3.33 .121036 7.7% || 29 - 767187 | 3.28 .149183 | 7.90 
30 755485 | 3.33 -121501 7.% || 30 - 767384 | 3.27 .149657 | 7.88 
31 | 9.755685 | 3.35 | 10.121966 | 7.75 || 31 | 9.767580 | 3.27 | 10.150130 | 7.90 
382 . 755886 | 3.33 122431 7.77 || 32 167776 | 3.27 . 150604 | 7.90 
33 . 756086 | 3.33 .122897 7.75 || 33 -767972 | 3.28 -151078 | 7.90 
34 . 756286 | 3.33 123362 7.77 || 34 .768169 | 3.27 .151552 | 7.92 
35 - 756486 | 3.32 123828 TE NBO 768365 | 3.27 -152027 | 7.90 
36 756685 | 3.33 124294 7.77 || 36 . 768561 | 3.27 .152501 | 7.92 
37 756885 | 3.33 124760 (AY 68757 | 3.27 .152976 | 7.90 
38 757085 | 3.33 125226 7.77 || 88 - 168953 | 3.27 -153450 | 7.92 
39 757285 | 3.32 125692 7.77 || 89 - 769149 | 3.25 .153925 | 7.92 
40 757484 | 3.33 .126158 | 7.78 || 40 - 769344 | 3.27 154400 | 7.93 
41 | 9.757684 | 3.82 | 10.126625 | 7.78 || 41 | 9.769540 | 8.27 | 10.154876 | 7.92 
42 . 757883 | 3.33 . 127092 7.77 || 42 - 769736 | 3.25 .155351 | 7.92 
43 . 758083 | 3.32 .127558 | 7.78 || 43 -769931 | 8.27 .155826 | 7.93 
44 - 758282 | 3.32 128025 7.78 || 44 - 770127 | 3.27 156302 | 7.93 
45 . 758481 | 3.33 - 128492 7.80 || 45 770323 | 3.25 .156778 | 7.93 
46 . 758681 | 3.32 .128960 7.78 || 46 -770518 | 3.25 157254 | 7.93 
47 .758880 | 3.32 129427 7.78 || 47 -770713 | 8.27 .157730 | 7.93 
48 -759079 | 3.32 129894 7.80 || 48 -770909 | 3.25 -158206 | 7.95 
49 - 759278 | 3.32 130362 7.80 || 49 - 771104 | 3.25 .158683 | 7.93 
50 .759477 | 3.382 180830 7.80 || 50 - 771299 | 3.25 -159159 | 7.95 
51 | 9.759676 | 3.32 | 10.131298 | 7.80 || 51 | 9.771494 | 3.25 | 10.159636 | 7.95 
52 | .75¥875 | 3.30 | .131766| 7.80 || 58] .771689 | 8.25 | 160113 | 7.95 
53 | .760u73 | 3.82 | 132234 | 7.80 || 53 | .771884 | 8.25 | 160590 7.95 
54 . 160272 | 3.32 . 182702 7.80 || 54 772079 | 3.25 .161067 | 7.97 
55 .%6u471 | 3.30 133170 7.82 || 55 772274 | 8.25 .161545 | 7.95 
56 . 760669 | 3.32 - 183639 7.82 || 56 772469 | 8.25 . 162022 | 7.97 
57 -760868 | 3.30 .134108 | 7.82 || 57 . 772664 | 3.23 .162500 | 7.97 
58 -761066 | 3.32 184577 7.82 || 58 772858 | 8.25 .162978 | 7.97 
59 .761265 | 3.30 . 135046 7.82 || 59 . 773053 | 8.25 .163456 | 7.97 
60 | 9.761463 | 3.80 | 10.135515 7.82 || 60 | 9.778248 | 8.23 | 10.163934 | 7.98 
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66° 67 

, Vers. |D.1".| Ex.sec, | D. 1’. || ” Vers. |D.1".| Ex. sec, |D.1". 
773248 | 3.23 | 10.163934 7.98 0 | 9.784809 } 3.18 | 10.192931 | 8.15 

t * eas 3.23] 164413 | 7.97 || 11] .785000 | 3.18 -193420 | 8.13 
2) .773686 | 3.25 164891 | 7.98 || 2] .785191-| 3.17 .193908 | 8.15 
3] .773831 | 3.23; .165370| 7.98 || 3] .785881 | 3.18 .194397 | 8.15 
4| .774025 | 3.23) .165849 | 7.98 |] 4]| .785572 | 3.18 -194886 | 8.17 
5 | .774219') 3.25 | 166828} 7.98 || 5 | .785763'| 3.171 .195376 | 8.15 
6 | .774414 | 3.23 166807 | 7.98 || 6 | .785953-| 3.18 .195865 | 8.17 
7} .774608 | 3.23 -167286 | 8.00 }| 7 | .786144-| 3.17} 196355 | 8.17 
8 -774802 | 3.23 167766 7.98 8 - 786334 | 3.17 -196845 | 8.17 
9 -774996 | 3.23 -168245 | 8.00 9 786524 | 3.18 -197335 | 8.17 
10 -7%5190 | 3.2 -168725 | 8.00 || 10 786715 | 3.17 -197825 | 8.17 
11 | 9.775884 | 3.22 | 10.169205 | 8.00 || 11 | 9.786905 | 3.17 | 10.198315 8.18 
12 T5577 | 8:28 -169685 | 8.00 || 12 787095 | 3.17 -198806 | 8.18 
13 |  .775771 | 8.23 -170165 | 8.02 || 13 - 787285 | 3.17 -199297 | 8.18 
14 WU5965 | 3,23 -170646 | 8.02 || 14 - 787475 | 3.17 -199788 | 8.18 
15 - 776159 | 3.22 -171127 | 8.00 || 15 787665 | 3.17 -200279 | 8.18 
16 «776852 | 3:23 -171607 | 8.02 || 16 (87855 | 3.17 -200770 | 8.20 
17 | .776546 | 3.22 -172088 | 8.02 || 17 - 788045 | 3.17 -201262 | 8.18 
18 (76739 | 3.23 172569 | 8.03 || 18 (88235 | 3.17 -201753 | 8 20 
19 776933 | 3.22 -173051 | 8.02 |} 19 788425 | 3.15 -202245 | 8.20 
20] .777126 | 3.22 -178532 | 8.03 |} 20 -788614 | 3.17 -202787 | 8.20 
21 | 9.777319 | 3.22 | 10.174014 | 8.03 21 | 9.788804 | 3.15 | 10.203229 | 8.22 
22 (TIZ | 3,22 -174496 | 8.03 || 22 788993 | 3.17 -203722 | 8.22 
23} “77705 | 3.23 -174978 | 8.08 || 23 789183 | 3.15 -204215 | 8.20 
24) .777899 | 3.22 -175460 | 8.03 || 24 -789372 | 3.17 -204707 | 8.22 
25} .778092 | 3.22 -175942 | 8.05 || 25 789562 | 3.15 205200 | 8.23 
26 | .778285 | 3.20 -176425 | 8.03 || 26 (89751 | 3.15 -205694 | 8.22 
27 <TIBATT | 8,22 -176907 | 8.05 té 789940 | 3.17 -206187 | 8.23 
28 | .778670 | 3,22 177890 | 8.05 || 28 -790180 | 3.15 -206681 | 8.22 
29 - 778863 | 8.22 177873 | 8.05 || 29 -790319 | 3.15 -207174 | 8.23 
30 - 779056 | 8.20 -178356 | 8.05 || 80 - 790508 | 3.15 -2U7008 | 8,23 
31 | 9.779248 | 3.22.| 10.178839 | 8.07 || 31] 9.790697 3.15 | 10.208162'| 8.25 
2 «(79441 | 3,22 179323 | 8.07 || 82] .790886 | 3.15 -208657 | 8.23 
33 779684 | 3.20 -179807 | 8.05 |} 33 (91075 | 3.15 -209151 | 8.25 
34} .779826 | 3.20 -180290 | 8.07 || 84.] .1791264'| 3.15 -209646 | 8.25 
35 - 780018 | 3.22 180774 | 8.08 |) 851 .791453'] 3.13 -210141 | 8.25 
36 -%80211 | 3.20 -181259 | 8.07 || 36 -T91GA1 | 8.15 -210636 | 8.25 
37 | .780403 | 3.20 -181743 | 8.07 7 791830 | 3.15 -211131 | 8.27 
38 - 780595 | 3.20 -182227 | 8.08 |] 38 92019 | 3.13 -211627 | 8.27 
39 (80787 | 3,22 -182712 | 8.08 || 39 92207 | 3.15 -212123 | 8.25 
40} .780980 | 3.20 -183197 | 8.08 || 40 - 792396 | 3.13 -212618 | 8.28 
41 | 9.781172 | 3.20 | 10.183682 | 8 08 || 41 | 9.799584 3.13 | 10.213115 | 8.27 
42 | .781364 | 3.2 -184167 | 8.10 || 42 (92002 | 8.15 -218611 | 8.27 
43 -(81556 | 3.18 -184653 | 8.08 || 43 £92961 | 3.13 -214107 | 8.28 
44 «(81747 | 3.20 -185138 | 8.10 || 44 -(938149 | 3.13, -214604 | 8.28 
45 - 781939 | 3.20 -185624 | 8.10 |] 45 - 793337 | 3.138 -215101 | 8.28 
46 482131 | 3.20 -186110 | 8.10 || 46 - 793525 | 8.15 215598 | 8.28 
47 - 782323 | 3.18 -186596 | 8.10 |] 47 -793714 | 3.18 -216095 | 8.30 
48 - 782514 | 3.20 -187082 | 8.10 || 48 - 793902 | 3.138 -216593 | 8.28 
49 | .782706 | 3.18 -187568 | 8.12 || 49 - 794090 | 3.12 -217090 | 8.30 
50°} .782897'| 3.20 -188055 | 8.12 |] 50 794277 | 8.18 -217588 | 8.30 
51 | 9.783089 | 3.18 | 10.188542 | 8.19 || 51 9.794465 | 3.13 | 10.218086 | 8.32 
52 - 783280 | 3.18 -189029 | 8.12 || 52 -794653 | 3.18 -218585 | 8.30 
53 783471 | 3.20 -189516 | 8.12 || 53 -(94841 | 8.12 -219083 | 8.32 
54 - 783663 | 3.18 -190003 | 8.13 || 54 (95028 | 3.13 -219582 | 8.32 
55 . 783854 | 3.18 -190491 | 8.12 || 55 -(95216'| 3.18 220081 | 8.32 
56 - 784045 | 3.18 -190978 | 8.13 || 56 «795404 | 3.12 -220580 | 8.32 
57 - (84236 | 3.18 -191466 | 8.13 7 795591 | 3.13 -221079 | 8.32 
58] .784427 | 8.18 -191954 | 8.15 || 58 «795779 | 3.12 -221578 | 8.33 
59}  .784618 | 3.18 192443 | 8.13 || 59 795966 | 3.12 222078 | 8.33 
60 ! 9.784809 | 8.18 | 10.192931 |! 8.15 |! 60 9.796153 | 3.18 | 10.929578 | 8.38 
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AND EXTERNAL SECANTS 187 





















































68° | 69° 

Vers... | D..1".) “Ex. sec, | D. 1”. | ld Vers, |D.1’.| Ex. see, |D.1’. 
9.796153 | 3.13 |) 10.222578 8.33 ||, 0 | 9.807286 | 3.07 | 10.252957 | 8.55 
.796341 | 3.12 223078 8.33 || 1 .807470 | 3.07 -258470 | 8.55 
- 796528 | 3.12 2223578 8.35 2 -807654 | 3.05 .2538988 | 8.57 
196715 | 3.12 22407! 8.33 3 -807837 | 3.07 254497 | 8.55 
796902 | 3.12 .224579 | 8.35 4 -808021 | 3.05 255010 | 8.57 
797089 | 3.12 -225080 | 8.35 5 .808204 | 3.07 -255524 | 8.58 
797276 | 3.12 - 225581 8.37 || 6 -808388 | 3.05 +256039 | 8.57 
797463 | 3.12 -226083 |} 8.35 || 7 -808571 | 3.07 256553 | 8.58 
797650 | 3.12 -226584 8.37 || 8 .808755 | 3.05 257068 | 8.57 

. 797887 | 3.10 - 227086 8.37 9 -808938 | 3.05 .257582 | 8.60 
-798023 | 3.12 .227588 8.37 || 10 -809121 | 3.07 -258098 | 8.58 
9.798210} 3.12 | 10.228090 | 8.87 || 11 | 9.809805 | 3.05 | 10.258613 | 8.60 
- 798397 | 3.10 #228592 8.38 | 12 -809488 | 3.05 +259129 | 8.58 
- 798583 | 3.12 ~229095 8.38 || 13 80967, 3.05 259644 | 8.60 
. 798770 | 3.10 .229598 8.38 || 14 809854 | 3.05 260160 | 8.62 

- 798956 | 3.10 -230101 8.38 || 15 810037 | 3.05 260677 | 8.60 
799142 | 3.12 -230604 8.38 || 16 810220 | 3.05 261193 | 8.62 
.799829 | 3.10 .231107 | 8.40 |} 17 810403 | 3.03 261710 | 8.62 
-799515 | 3.10 -231611 8.40 || 18 810585 | 3.05 4262227 | 8.62 

. 799701 | 3.10 .232115 8.40 || 19 .810768 | 3.05 +262744 | 8.63 
.799887 | 3.12 -232619 | 8.40 || 20 .810951 | 3.05 .268262 | 8.62 
9.800074 | 3.10 | 10.233123.] 8-40 || 21 | 9.811134 } 8.03 | 10.263779 | 8.63 
-800260 | 3.10 .233627 8.42 || 22 -811316 | 3.05 -264297 | 8.63 
.800446 | 3.08 -234132 | 8.42 || 23 .811499 | 3.03 -264815 | 8.65 
.800631 | 3.10 .2846387 8.42 || 24 .811681 | 3.05 -265334 | 8.65 
.800817 | 3.10 :235142 | 8.42 || 25 -811864 | 3.03 -265853 | 8.63 
.801003 | 3.10 235647 8.43 || 26 -812046 | 3.03 -266371 | 8.67 
801189 | 3.10 -286153 8.42 || 27 -812228 | 3.03 -266891 | 8.65 
801375 | 3.08 . 236658 | 8.43 || 28 -812410 | 3.05 -267410 | 8.67 
-801560 | 3.10 237164 | 8.48 || 29 ~812593 | 3.03 -267930 | 8.65 
-801746 | 3.08 237670 | 8.45 || 30 .812775 | 3.03 -268449 | 8.68 

| 9.801934 | 3.10 | 10.238177 | 8:43 || 31 | 9.812957 | 8.03 | 10.268970 | 8.67 
.802117 | 3.08 288683 8.45 || 32 -813189 | 3.03 .269490 | 8.68 
802302 | 3.08 -289190 | 8.45 |) 33 -813321 | 3.03 -270011 | 8.67 
,802487 | 3.10 -239697 | 8.45 |} 34 -813503 | 8.03 -270581 | 8.68 
-802673 | 3.08 |  .240204 8.47 || 35 .813685 | 3.02 -271052 | 8.70 
-802858 | 3.08 + 240712 8.45 || 36 ,813866 | 3.03 +271574 | 8.68 
-803043 | 3.08 ~R41219 8.47 || 37 .814048 | 8.03 ~272095 | 8.70 
.803228 | 3.08 1241727 |, 8.47 ||: 38 -814280 | 3.02 -272617 | 8.70 
.803413 | 3.08 +242235 8.48 || 39 .814411 | 3.03 .2781389 | 8.72 
-803598 | 3.08 ,242744 | 8.47 |) 40 -814593 | 3.03 .278662 | 8.70 
9.803783 | 8.08 | 10.243252 | 8.48 || 41 | 9.814775.| 3.02 | 10.274184 | 8.72 
.803968 | 3.08 -243761 8.48 || 42 -814956 | 3.02 274707 | 8.72 
-804153 | 3.08 -244270 | 8.48 || 43 -8151387 | 3.03 -2752380 | 8.'72 
-804338 | 3.07 2244779 8.50 || 44 ~815319 | 8.02 275753 | 8.73 
-804522 | 3.08 -2A5289 8.48 || 45 .815500 | 3.02 206277 | 8.73 
.804707 | 3.08 245798 8.50 || 46 -815681 | 3.02 .276801 | 8.73 
-804892 | 3.07 -246308 | 8.50 || 47 .815862 | 3.03 277825 | 8.78 
.805076 | 3.08 -246818 8.52 || 48 -816044 | 3.02 2277849 8.5 
.805261 | 3.07 ~ 247329 8.50 || 49 816225 | 3.02 -278874 | 8.75 
-805445 | 3.07 -2478389 | 8.52 || 50 .816406 | 3.02 -278899 8,75 
9.805629 | 3.08 | 10.248350 | 8.52 || 51 | 9.816587 | 8.00 | 10.279424 | 8.75 
-805814 | 3.07 . 248861 8,52 || 52 .816767 | 3.02 .279949 | 8.7 
-805998 | 3.07 249372 8.52 || 53 .816948 | 8.02 -280475 | 8.75 
-806182 | 3.07 - 249883 8.53 || 54 -817129 | 3.02 281000 | 8.78 
-806366 | 3.07 .2503895 | 8.53 || 55 .817310 | 3.00 281527 | 8.7" 
. 806550 | 3.07 -250907 | 8,53 || 56 ,817490 | 8.02 282053 | 8.78 
.806734 | 3.07 .251419 8.55 || 57 .817671 | 8.02 282580 | 8.77 
-806918 | 3.07 .251982 | 8.53 || 58 «817852 | 3.00 283106 | 8.80 
-807102 | 3.07 252444 8.55 || 59 .818032 | 3.02 34 | 8.78 
9.807286! 8.07 } 10.252957 8.55 || 60 1! 9.818213 | 8.00 | 10.284161 | 8.80 
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70° 71° 
4 Vers. | D.1".| Ex. sec. | D. 1”. U Vers. |D.1°.| Ex. sec, |D.1° 
0 | 9.818213 | 3.00 | 10.284161 8.80 0 | 9.828988 | 2.95 | 10.316296 | 9.07 
1 -818393 | 3.00 .284689 | 8.78 1 -829115 | 2.95 .316840 | 9.08 
2 -818573 | 3.02 - 285216 8.82 2 -829292 | 2.95 -3817385 | 9. 
3 .818754 | 3.00 285745 8.80 3 -829469 | 2.95 -317929 | 9. 
4 .818934 | 3.00 286278 8.82 4 -829646 | 2.95 -818475 | 9. 
5 .819114 | 3.00 286802 8.82 5 -829623 | 2.95 -319020 | 9. 
6 .819294 | 3.00 287331 8.82 6 3 2.95 -319565 | 9. 
vi .819474 | 3.00 287860 8.82 v4 -830177 | 2.93 -820111 | 9. 
8 .819654 | 3.00 -288389 8.83 8 -880353 | 2.95 -820658 | 9. 
9 .819834 | 3.00 -288919 8.83 9 -830530 | 2.93 -821204 | 9. 
10 .820014 | 3.00 289449 8.83 || 10 -830706 | 2.95 -821751 | 9. 
11 | 9.820194 | 3.00 | 10.289979 8.85 |] 11 | 9.830883 | 2.93 | 10.322298 | 9. 
12 .820374 | 2.98 -290510 8.85 || 12 -831059 | 2.95 -822845 | 9. 
13 .820553 | 3.00 -291041 8.85 || 13 .831236 | 2.93 -828393 | 9. 
14 .820783 | 3.00 291572 8.85 || 14 -831412 | 2.95 -823941 | 9. 
15 .820913 | 2.98 292103 8.87" || 15 -831589 | 2.93 -3824489 | 9. 
16 .821092 | 3.00 292635 8.85 || 16 -831765 | 2.98 -825038 | 9. 
17 .821272 | 2.98 293166 8.87 || 17 -831941 | 2.93 .825587 | 9. 
18 .821451 | 3.00 293698 8.88 || 18 -882117 | 2.93 -826136 | 9. 
19 -821631 | 2.98 294231 8.88 || 19 -8322938 | 2.93 -3826686 | 9. 
20 .821810 | 2.98 294764 8.87 || 20 -832469 | 2.93 -827235 | 9. 
21 | 9.821989 | 2.98 | 10.295296 8.90 || 21 | 9.882645 | 2.98 | 10.327786 | 9. 
22 .822168 | 3.00 -295830 | 8.88 || 22 -832821 | 2.93 .828336 | 9. 
23 822348 | 2.98 296363 8.90 || 23 -832997 | 2.98 -828887 | 9. 
24 -822527 | 2.98 -296897 | 8.90 |} 24 -833173 | 2.93 -829438 | 9. 
25 -822706 | 2.98 -2974381 8.90 || 25 -833349 | 2.98 -829989 | 9. 
26 -822885 | 2.98 «297965 8.92 || 26 -833525 | 2.92 830541 | 9. 
27 | 823064 | 2.98 298500 | 8.90 || 27 | .833700 | 2.98 331093 | 9. 
28 -823243 | 2.97 -299034 | 8.93 || 28 83387 2.92 831645 | 9. 
29 -823421 | 2.98 .299570 8.92 || 29 834051 | 2.98 .3832198 | 9. 
30 -823600 | 2.98 -800105 | 8.93 || 80 -834227 | 2.92 «882750 | 9. 
31 | 9.823779 | 2.98 | 10.300641 | 8.92 || 31 | 9.884402 | 2.98 | 10.333304 | 9 
32 -823958 | 2.97 -801176 8.95 || 82 -834578 | 2.92 -833857 | 9 
33 .824136 | 2.98 -801718 8.93 || 83 -834753 | 2.92 .8384411 | 9 
34 .824315 | 2.97 -802249 | 8.95 || 34 -834928 | 2.98 -334965 | 9 
35 .824493 | 2.98 -802786 8.95 || 85 .835104 | 2.92 .3835520 | 9. 
36 : 824672 2.97 .803323 8.95 || 36 -835279 | 2.92 336074 | 9. 
37 -824850 2.97 -803860 8.97 || 87 -835454 | 2.92 -836629 | 9. 
38 -825028 | 2.98 -304398 | 8 97 || 38 .835629 | 2.92 .887185 | 9. 
39 .825207 | 2.97 804936 | 8.97 || 39 835804 | 2.92 -837741 | 9. 
40 | .825385 | 2.97 -805474 | 8.97 |] 40 | 835979 | 2.92 -338297 | 9. 
41 | 9.825563 | 2.97 | 10.806012 | 8.98 || 41 | 9.886154 | 2.92 | 10.888853 | 9. 
42 .825741 | 2.97 .806551 8.98 || 42 -836329 | 2.92 339410 | 9. 
43 .825919 | 2.97 -807090 8.98 || 43 .836504 | 2.90 339967 | 9. 
44 .826097 | 2.97 .807629 9.00 || 44 .836678 | 2.92 340524 | 9. 
45 : 826275 2. 97 -808169 | 8.98 || 45 -836853 | 2.92 -3841082 | 9. 
46 -826453 | 2.9) Ks 808708 9.02 || 46 -837028 | 2.90 -841640 | 9. 
47 -826631 | 2.97 809249 | 9.00 || 47 .837202 | 2.92 -842198 | 9. 
48 -826809 | 2.97 809789 9.02 || 48 .837377 | 2.90 -842756 | 9. 
49 .826987 | 2.95 .310330 9.02 || 49 .837551 | 2.92 +8438315 | 9. 
50 -827164 | 2.97 -810871 9.02 |] 50 -837726 | 2.90. -348875 | 9 
51 | 9.827342 | 2.95 | 10.311412 | 9.02 || 51 | 9.837900 | 2.92 | 10.344434 9. 
52 .827519 | 2.97 -811953 9.03 |! 52 .838075 | 2.90 -3844994 | 9. 
53 .827697 | 2. 95 812495 9.03 || 53 838249 | 2.90 -845554 | 9. 
54 .827874 | 2.9 Hf .813037 9.05 || 54 -838423 | 2.90 .846115 | 9. 
55 +828052 | 2.95 .813580 9.03 || 55 -838597 | 2.90 84667 9. 
56 -828229 | 2.95 -314122 9.05 |! 56 .838771 | 2.90 847237 | 9. 
57 828406 | 2.97 -814665 9.07 || 57 -838945 | 2.90 -847798 | 9. 
58 -828584 | 2.95 -815209 9.05 || 58 -839119 | 2.90 -848360 | 9. 
59 .828761 | 2.95 -315752 | 9.07 || 59 .839293 | 2.90 - 848922 | 9. 
60 | 9.828938 | 2.95 | 10.316296 | 9.07 || 60 | 9.839467 | 2.90] 10.349485 | 9. 
a 
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72° 73° 
4 Vers. |D.1%.| Ex.sec. |D.1".|! ’ | Vers D.1’.| Ex. sec. |D. 1". 
0 | 9.839467 | 2.90 | 10.349485 ! 9.38 0 | 9.849805 | 2.85 | 10.888870 | 9.73 
1 -839641 | 2.90 -850048 | 9.38 a 849976 | 2.85 -884454 | 9.73 
2 -839815 | 2.90 .850611 | 9.40 2 850147 | 2.83 -885038 | 9.75 
3 -839989 | 2.88 -80117%5 | 9.38 3 850317 | 2.85 | - .885623 | 9.77 
4 -840162 | 2.90 351788 | 9.42 4 50488 | 2.83 -886209 | 9.75 
5] .840336 | 2.90 352803 | 9.40 5 850658 | 2.85 386794 | 9.77 
6} .840510 | 2.88 .352867 | 9.42 6 850829 | 2.88 387380 | 9.78 
v4 .840683 | 2.90 -803482 | 9.42 v4 850999 | 2.83 387967 | 9.78 
8 -840857 | 2.88 -853997 | 9.43 8 -851169 | 2.85 388554 | 9.78 
9 -841030 | 2.90 354563 | 9.43 9 -851340 | 2.88 -889141 9.78 
10 -841204 | 2.88 855129 | 9.48 || 10 -851510 | 2.83 -389728 | 9.80 
11 | 9.841877 | 2.88 | 10.355695 | 9.48 || 11 | 9.851680 | 2.88 | 10.390816 | 9.82 
12 -841550 | 2.88 -356261 | 9.45 || 12 -851850 | 2.83 -890905 | 9.80 
13 -841723 | 2.88 -856828 | 9.45 || 13 -852020 | 2.83 -891493 | 9.82 
14 -841896 | 2.90 -857395 | 9.47 || 14 -852190 | 2.88 -892082 | 9.83 
15 -842070 | 2.88 857963 | 9.47 |; 15 -852360 | 2.83 -892672 | 9.83 
16 -842243 | 2.88 358531 | 9.47 || 16 -852580 | 2.83 -393262,| 9.83 
17 -842416 | 2.88 359099 | 9.48 || 17 -852700 | 2.83 -893852 | 9.85 
18 -842589 | 2.88 .859668 | 9.48 || 18 -852870 | 2.83 -894443 | 9.85 
19 -842762: | 2.87 -860237 | 9.48 || 19 -853040 | 2.82 -8950384 | 9.85 
20 .842934 | 2.88 -3860806 | 9.50 || 20 -858209 | 2.83 -895625 | 9.87 
21 | 9.843107 | 2.88 | 10.361876 | 9.50 || 21 | 9.853379 | 2.83 | 10.896217 | 9.87 
22 -843280 | 2.88 -861946 | 9.50 || 22 -8538549 | 2.82 -896809 | 9.88 
23 -848453 | 2.87 362516 | 9.52 || 23 -853718 | 2.83 -897402 | 9.88 
24 -843625 | 2.88 -863087 | 9.52 || 24 .853888 } 2.82 -897995 9.90 
25 -848798 | 2.87 -3863658 | 9.52 || 25 -854057 | 2.83 -398589 9.88 
26 -843970 | 2.88 -3864229 | 9.53 || 26 -854227 | 2.82 .3899182 | 9.92 
27 -844143 | 2.87 -3864801 | 9.53 || 27 -854396 | 2.82 3899777 | 9.90 
28 -844315 | 2.88 -865373 | 9.53 || 28 -854565 | 2.83 -400871 9.92 
29 .844488 | 2.87 -865945 | 9.55 || 29 -854735 | 2.82 -400966 | 9.93 
30 -844660 | 2.87 -866518 | 9.55 || 30 -854904 | 2.82 -401562 | 9.93 
31 | 9.844832 | 2.87 | 10.867091 | 9.57 || 31 | 9.855073 | 2.82 | 10.402158 | 9.93 
32 5 2.88 -3867665 | 9.57 || 82 -855242 | 2.82 -402754 | 9.95 
33 845177 |. 2.87 868239 | 9.57 || 33 -855411 | 2.82 -403351 9.95 
34 845349 | 2.87 868813 | 9.57 || 34 -855580 | 2.82 -403948 | 9.95 
35 -845521 | 2.87 369387 | 9.58 || 35 -855749 | 2.82 -404545 | 9.97 
36 .845693 | 2.87 369962 | 9.60 || 36 -855918 | 2.82 -405148 | 9.98 
37 .845865 | 2.87 870538 | 9.58 |} 37 .856087 | 2.80 -405742 | 9.97 
38 .846037 | 2.85 .871113 | 9.60 || 388 .856255 | 2.82 -406340 | 9.98 
39 -846208 | 2.87 -3871689 | 9.62 || 39 -856424 | 2.82 -406939 | 10.00 
40 -846380 | 2.87 «872266 | 9.60 || 40 .856593 | 2.82 -407539 | 10.00 
41 | 9.846552 | 2.87 | 10.872842 | 9.62 || 41 | 9.856762 | 2.80 | 10.408139 | 10.00 
a2 -846724 | 2.85 -8738419 | 9.68 || 42 -856930 | 2.82 -408739 | 10.02 
43 -846895 | 2.87 -878997 | 9.63 || 43 .857099 | 2.80 409340 | 10.02 
44 -847067 | 2.85 -874575 | 9.68 || 44 -857267 | 2.82 409941 | 10.03 
45 -847238 | 2.87 .875153 | 9.63 || 45 -857436 | 2.80 410543 | 10.03 
46 -847410 | 2.85 .075781 | 9.65 || 46 -857604 | 2.80 411145 | 10.03 
47 -847581 | 2.87 -876310 | 9.67 || 47 857772 | 2.82 411747 | 10.05 
48 .847753 | 2.85 «376890 | 9.65 || 48 -857941 | 2.80 412350 | 10.07 
49 -847924 | 2.85 -877469 | 9.67 || 49 -858109 | 2.80 412954 | 10.05 
50 | .848095 | 2.87 -878049 | 9.68 || 50 -858277 | 2.80 4138557 | 10.07 
51 | 9.848267 | 2.85 | 10.378630 | 9.67 || 51 | 9.858445 | 2.80 | 10.414161 | 10.08 
52 -848438 | 2.85 -379210 | 9.70 || 52 -858613 | 2.80 -414766 | 10.08 
53 -848609 | 2.85 -879792 | 9.68 || 53 .858781 | 2.80 .415871 | 10.08 
54} .848780 | 2.85 -880373 | 9.70 || 54 -858949 | 2.80 -415976 | 10.10 
55 .848951 | 2.85 ~880955 | 9.70 || 55 -859117 | 2.80 -416582 | 10.12 
56 -849122 | 2.85 .881537 | 9.72 || 56 -859285 | 2.80 417189 | 10.10 | 
57 .849293 | 2.85 -882120 | 9.72 || 57 .859453 | 2.80 -417795 | 10.12 
58 .849464 | 2.83 382703 | 9.72 || 58 859621 | 2.78 -418402 | 10.13 
59 .849634 | 2.85 -883286 | 9.73 || 59 .859788 | 2.80 -419010 | 10.13 
60 | 9.849805 | 2.85 | 10.383870 | 9.73 || 68 | 9.859956 |'2.80 | 10.419618 | 10.18 
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74° 75° 

, Vers. |D.1".) Ex. sec. | D. 1". L Vers: | D. 1".) Ex. sec. |D. 1°. 
9.859956 | 2.80 | 10.419618 | 10.18 0 | 9.869924 | 2.75 |10.456928 | 10.60 

: 860124 | 2.78 -420226 | 10.15 1 .870089 | 2.73 .457564 | 10.62 
2 .860291 | 2.80 -420835 | 10.17 2 -870253 .| 2.75 .458201 | 10.63 
3 .860459 | 2.78 .421445 | 10.15 3 .870418 | 2.73 .458839 | 10.62 
4 860626 | 2.80 -422054 |. 10.17 4 870582 | 2.75 .459476 | 10.65 
5 860794 | 2.78 .422664 | 10.18 5 .870747.| 2.78 .460115 |. 10.65 
6 860961 | 2.78 .423275 | 10.18 6 870911 | 2.75 -460754 | 10.65 
7 861128 | 2.80 -423886 | 10.20 7 .871076.| 2.78 - 461393 |. 10.67 
8 861296 | 2.78 424498 | 10.20 8 -871240.| 2.73 -462033 | 10.67 
9 .861463 | 2.78 .425110 | 10.20 9 .871404.| 2.73 .462673 | 10.68 
10 .861630 | 2.78 425722 | 10.22 || 10.) .871568 | 2.78 .463314 | 10 70 
11 | 9.861797 | 2.78 | 10.4263385 | 10.22 || 11] 9.871782 | 2.73 |10.463956 | 10.70 
12 .861964 | 2.78 -426948 | 10.23 || 12 -871896. | 2.78 .464598 | 10.70 
13 .862131 | 2.78 -427562 | 10.23 || 13.) .872060 | 2.78 .465240 | 10.72 
14 .862298 | 2.78 -428176 | 10.23 || 14 872224. | 2.78 465883 |. 10.73 
15 .862465 | 2.78 -428790 | 10.27 || 15 -872388. | 2.73 .466527 | 10.73 
16 .862632 | 2.78 .429406 | 10.25 |) 16 .872552. | 2.73 467171 | 10.73 
17 .862799 | 2.77 -480021 | 10.27 || 17 -872716 | 2.73 -467815 | 10.7 
18 .862965 | 2.78 .430637 | 10.27 || 18 -872880. | 2.72 .468460 | 10.77 
19 .863132 | 2.78 -431253 | 10.28 || 19 873043 | 2.73 -469106 | 10.77 
20 863299 | 2.77 .481870 | 10.30 |] 20 -873207 | 2.73 -469752 | 10.77 
21 | 9.863465 | 2.78 | 10.482488 | 10.28 || 21 | 9.873871 | 2.72 |10.470398 | 10.78 
22 .863682 | 2.78 -433105 | 10.82 || 22 .873534 | 2.73 .471045 | 10.80 
23 .863799 | 2.77 .433724 | 10.80 || 23 .873698. | 2.72 .471693 | 10.80 
24 .868965 | 2.77 -434842 | 10.382 || 24 .873861 | 2.73 .472841 | 10.82 
25 -864131 | 2.78 -434961 | 10.33 || 25 -874025 | 2.72 -472990 | 10.86 
26 .864298 | 2.77 -4385581 | 10.33 || 26] .874188.| 2.72 .473639 | 10.85 
27 864464 | 2.77 -436201 | 10.33 || 27 -874351 | 2.78 .474289 | 10.83 
28 .864630 | 2.78 -436821 | 10.35 || 28 874515. | 2.72 .474939 | 10.85 
29 864797 | 2.77 -437442 | 10.37 || 29 -874678. | 2.72 -475590 | 10.87 
80 | .864963 | 2.77 -438064 | 10.37 || 80.) .874841. | 2.72 | .4'76242 | 10.85 
81 | 9.865129 | 2.77 | 10.488686 | 10.37 || 31 | 9.875004. | 2,72 |10.476898 | 10.88 
82 ,865295 | 2.77 .489308 | 10.38 || 82 875167 | 2.72 -477546 | 10.88 
33 .865461 | 2.77 -439931 | 10.38 || 83 -875330. | 2.72 .478199 | 10.88 
34 865627 | 2.77 -440554 | 10.40 || 84 .875493 | 2.72 478852 | 10.90 
35 .865793 | 2.77 -441178 | 10.40 || 35 875656. | 2.72 -479506 | 10.92 
36 .865959 | 2.75 -441802 | 10.42 || 36 875819 | 2.72 .480161 | 10.92 
37 866124 | 2.77 -442427 | 10.42 || 37 875982 | 2.72 -480816 | 10.98 
38 866290 | 2.77 -443052 | 10.43 || 38 876145. | 2.72 .481472 | 10.93 
89 866456 | 2.77 443678 | 10.43 || 89 .876808 | 2.70 . 482128 | 10.95 
40 | .866622 | 2.75 -444304 | 10.45 || 40 | .876470 | 2.72 |. .482785 | 10.95 
41 | 9.866787 | 2.77 | 10.444931 | 10.45 || 41 | 9.876683 | 2,72 |10,483442 | 10.97 
2 -866953 | 2.75 -445558 | 10.45 || 42 876796 | 2.70 -484100 | 10.98 
43 -867118 | 2.77 -446185 | 10.47 || 43 876958 | 2.72 .484759 | 10.98 
44 867284 | 2.75 -446813 | 10.48 || 44 -877121. | 2.70 485418 | 10.98 
45 -867449 | 2.75 -447442 | 10.48 || 45 877! 2.70 . 486077 | 10.98 
46 867614 | 2.77 -448071 | 10.48 || 46 877445. | 2.72 .486738 | 11.00 
47 -867780 | 2.75 -448700 | 10.50 || 47 -877608 | 2.70 .487398 | 11 02 
48 867945 | 2.75 -449330 | 10.52 || 48 .877770. | 2.70 488059 | 11.08 
49 -868110 | 2.75 -449961 | 10.52 || 49 877982 | 2.72 488721 | 11.05 
50 868275 | 2.77 -450592 | 10.52 || 50 -878095 | 2.70 489384; 11.05 
51 | 9.868441 | 2.75 | 10.451228 | 10.58 || 51 | 9.878257 | 2.70 |410,490047 | 11.05 
52 .868606 | 2.75 .451855 | 10.58 || 52 878419 | 2.70 .490710 | 11.07 
53 -868771 | 2.75 -452487 | 10.55 || 53 .878581 | 2.70, .4913874 | 11.08 
54 .868936 | 2.73 -453120 | 10.57 || 54 -878743. | 2.7 492039 | 11.08 
55 .869100 | 2.75 -458754 | 10.57 || 55 -878905. | 2.70 .492704 | 11.1¢e 
56 .869265 | 2.75 454388 | 10.57 || 56 -879067 | 2.70 - 493370 | 11.10 





57 | .869430 | 2.75 -455022 | 10.58 |] 57 | .879229 | 2.68 | .494036 | 11.12 
58 | .869595 | 2.75 po 10.58 || 58 | .879390 | 2.7% 494703 | 11.13 
59 | .869760 | 2.73 -456292 | 10.60 |) 59'| .879552 | 2.70] .495371 | 11.18 
60 | 9.869924 | 2.75 | 10. 456028 10.60 |! 60 | 9.879714 | 2.70 !10.496039 | 41.18 
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76° ic 
a Wers. | D.is.| Hix. seca.) Di 1". Vers. |D.1°.! Bx. sec. | D1", 
QO | 9.879714 | 2.70 | 10.496039 | 11.13 9.889329 65 |10.587241 | 11.77 
1 .879876 | 2.68 -496707 | 11.17 889488 6 -537947 | 11.78 
2) —.880037 | 2.70 -497377 | 11.17 889647 6 .588654 | 11.80 
3 .880199 | 2.68 -498047 | 11.17 889805 6 .539362 | 11.82 
‘4 | .880360 | 2.70 -498717 | 11.18 889964 6 -540071 |. 11.82 
5 .880522 | 2.68 .499388 | 11.20 890123 6: -540780 | 11.83 
6 -880683 | 2.70 -500060 | 11.20 -890281 6: -541490 |. 11.88 
7 | .880845 | 2.68 -500732 | 11.22 -890440 6 -542200 | 11.85 
8 | .881006 | 2.68 -501405 | 11.22 890598, 6 -542911 | 11.87 
‘9 | -.881167 |-2.70 -502078 | 11 23 -890757 6 .543623 | 11.88 
10 | .881329 | 2.68 -502752 | 11.23 890915 6. .544336 | 11.88 





11 | 9.881490 | 2.68 | 10.503426 | 11.27 9.891073 10.545049 | 11.90 
12 .881651 | 2.68 -504102 | 11.25 891232 -545763 | 11.90 

-546477 |. 11.93 
14} .881973 | 2.68 505454 | 11.28 891548 -547193 | 11.98 
15 | .882134 | 2.68 .506131 | 11.28 891706 -547909 | 11.95 
16 |  .882295 | 2.68 -506808 } 11.30 891864 548626 | 11.95 
17 | .882456 |: 2.68 507486 | 11.32 -892022 -549343 | 11.97 
18)  .882617 | 2.67 -508165 | 11.32 -892180 -550061 | 11.98 
19 |, .882777 |.2.68 508844 | 11.33 | -892338 -550780 |. 12.00 


882938 |-2.68 509524 | 11.35 -892496 


ss 


-551500 |.12.00 


10.552220 | 12.02 
552941 | 12.08 
.553663 | 12.03 


‘ 
0 
1 
2 
3 
4 
5 
6 
vg 
8 
9 
10 
11 
12 
13 | -.881812 | 2.68 -504777 | 11.28 mn -891390 
ny 
15 
16 
17 
18 
19 
20 
21 


21 |9.883099 | 2.68 | 10.510205 | 11.35 
.883260 | 2.67 510886 | 11.37 || 22 | .892812 
| 883420 | 2.68 511568 | 11.37 || 23 | .892969 


9.892654 
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2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2) 

2. 

2. 

2. 
22 2 
23 2. 
94 | 1883581 | 2.67 | 1512250 | 11.38 || 24} .893127 | 2. 1554385 | 12.07 
95 | .883741 | 2.68} .512933 | 11.40 || 25 | 893285 | 2. 1555109 | 12.07 
26 | .883902 | 2.67 |  .513617 | 11.40 || 26} .893442 | 2. '555833 | 12.07 
97 | 1884062 |. 2.68] 1514301 | 11.42 || 27 | .893600 | 2. 556557 | 12.10 
98 | 1834223 | 2.67] .514986'| 11.43 || 28] .893758 | 2. 1557288 | 12.10 
29 | 1834383 | 2.67 | | 1515672 | 11.43 || 29 | .893915 | 2. “558009 | 12.12 
30 | .884543 | 2.67 | .516358 | 11.45 || 30 | .894072 | 2. .558736 | 12.12 
31 | 9.884703 | 2.63 | 10.517045 | 11.45 || 31 | 9.894280 | 2.62 |10.559463 | 12.15 
32 | 984864 | 2.67 | 517732 | 11.47 || 32 | 894387 | 2. “560192 | 12.15 
33 | .985024 | 2.67 | .518420 | 11.48 || 33 | .894544 | 2. “560921 |. 12.17 
34| .885184 | 2.67 | 1519109 | 11.48 |] 34} .894702 | 2. “561651 | 12.17 
35 | 885344 | 2.67 | 519798 | 11.50 || 35 | .894859 | 2. "562381 | 12.20 
36 | (885504 | 2.67 | .520488 | 11.52 || 36 | .895016 | 2. “563113 |, 12.20 
37 | 885664 | 2.67 |  .521179 | 11.50 || 87 | .895173 | 2. (563845 | 12.20 
38 | 885824 | 2.65} 521870 | 11.53 || 88] .895330 | 2. “564577 | 12.23 
39 | _985983 | 2.67 |. 522562 | 11.53 || 80 | 895487 | 2. "565811 | 12.28 
4) | .886143 | 2.67 | .523254 | 11.53 || 40 | 895644 | 2. “566045 | 12.27 
41 | 9.886303 | 2.67 | 10.523947 | 11.57 || 41 | 9.895801 | 2.62 |10.566781 | 12.25 
43| 886463 | 2.65 | 1524641 | 11.57 || 42 | .895958 | 2.62 | .567516 | 12.28 
43 | 1886622 | 2.67} .525335 | 11.58 || 43.) .896115 | 2.62 | .568253 | 12.28 
44 | (886782 | 2.65 |  .526030 | 11.60 || 44 | .896272 | 2.60 | 568990 | 12.32 
45 | 1836941 | 2.67 | .526726 | 11.62 || 45 | .896428 | 2.62 | 569729 | 12.32 
46 | (887101 | 2.65 | .527423.| 11.62 || 46 | .896585 | 2.62 | .570468 | 12.32 
47 | 1887260 | 2.67 | .528120 | 11.62 || 47] .896742 | 2.60 | 571207 | 12.38 
4g | 1887420 | 2.65 | 528817 | 11.65 || 48| .896898 | 2.62 | 571948 | 12.35 
49 | 1887579 | 2.67 | 529516 | 11.65 || 49 | .897055 | 2.60 |  .572680 | 12.37 
50-| 1887739 | 2.65 | 1530215 | 11.65 || 50 | 897211 | 2.62 | 573431 | 12.88 
51 | 9.987898 | 2.65 | 10.530914 | 11.67 || 51 | 9.897368 | 2.60 |10.574174 | 12.38 
52 | (888057 | 2.65 | .531614 | 11.68 || 52 | .897524 | 2.60 | 574917 | 12.42 
53 |. 1988216 | 2.65 | .532315 | 11.70 || 53] .897680 | 2.62 | 575662 | 12.42 
541 (888875 | 2.65 | .683017 | 11.70 || 54 | .897887 | 2.60 | .576407 | 12.43 
55 | 1888534 | 2.65 | 538719 | 11.72 || 55 | .897993 | 2.60] .577153 | 12.45 
56 | 1888693 | 2.65 | .534422. | 11.73 || 56 | .898149 | 2.60 |. .577900 | 12.45 
57 | '9g98s2'| 2.65 | 535126 | 11.73 || 57 | .898805 | 2.60 | 578647 | 12.48 
5g | 1880011 | 2.65 | .535880 | 11.75 || 58 | .898461 | 2.62 | .579396 | 12.48 
59 | 1880170 | 2.65 | .536585 | 11.77 || 59 | .898618 | 2.60 | .580145 | 12.50 
60 | 9.889329 | 2.65 | 10.537241 | 11.77 || 60 | 9.898774 | 2.60 |10.580895 | 12.50 








rate 
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78° 79° 





4 Vers. 6).D. 1%) Box. sec.) Da drei 7 


























0 | 9.898774 | 2.60 | 10.580895 | 12.50 || 0 | 9.908051 | 2.55 |10.car45e | 13.40 
1| 898930 | 2.60] 581645 | 12.53 || 1| 1908204 | 2:55 | 628256 | 13.40 
2| ‘go0086 | 2.58} —:5ge397 | 12.68 || 2} ‘908357 | 2.571 ‘620060 | 13.43 
3| ‘899241 } 2:60] 583149 | 12/57 || 3} ‘908511 | 2.55 | “629806 | 13/45 
4| .g99397 | 2:60} 583903 | 12.57 || 4| ‘908664 | 2:55 | 630673 | 13.45 
5| 1899553 | 2:60] 584657 | 12:57 || 5 | ‘908st7 | 2:55 | 631480 | 13/48 
6 | .809709 | 2.60] 585411 | 12:60 || 6 | 908070 | 2:55 | leaze89 | 13:48 
7| :899865 | 2.58] 586167 | 12.60 || 7 | [909123 | 2:55 | ‘633098 | 13.52 
8| .900020 | 2.60} ‘586923 | 12-63 || 8| 909276 | 2:53 | ‘633909 | 13.52 
9} 900176 | 2.58] 1587681 | 12.63 || 9 | ‘909498 | 2.55] [634720 | 13.55 
10| 900831 | 2.60} —.588439 | 12.65 || 10| ‘909581 | 2.55 | 635583 | 13.55 
11 | 9.900487 | 2.58 | 10.589198 | 12.65 || 11 | 9.909734 | 2.55 |10.686346 | 13.58 
12 | 900642 | 2.60 | 589957 | 12:68 || 12 | :900887 ] 2153 | .637161 | 13.58 
18 | 900798 | 2:58 | 590718 | 12:68 || 13 | 910089] 2.55 | ‘637976 | 13.60 
14] .900953 | 2.58] -591479 | 12.72 || 14 | ‘910192 | 2.55 | L6a8792 | 13.63 
15 | 901108 | 2.60] ‘502042 | 12:72 || 15 | 910345 | 2.53 | 639610 | 13:63 
16 | 901264 | 2:58 | 1593005 | 12:73 || 16 | ‘910497 | 2.55 | 1640428 | 13.67 
17 | 901419 | 2.58 | ‘593769 | 12:73 || 17 | ‘910650 | 2.53 | ‘e41248 | 13.67 
JS | 901574 | 2.58 | -594088 | 12.77 || 18 | 910802 | 2-55 | °642068 | 13.70 | 
19 | .901729 | 2.58] ‘505209 | 12:78 || 19 | ‘910955 | 2.53 | ‘642800 | 13.72. 
2) | 901884 | 2.60 | 596066 | 12.78 |] 20 | ai1107 | 2.53 | -648718 | 15.72 
21 | 9.902040 | 2.58 | 10.596833 | 12.80 || 21 | 9.911959 | 2.55 |10.644596 | 18.75! 
22] .902195 | 2.58] “597601 | 12.82 || 22 | lo11412 | 2:53 | .645361 | 13.75 
23 | 902850 | 2.57] 598370 | 12.83 || 23 | ‘o1t564 | 2153] 1646186 | 13.78 
24} .902504 | 2.58) 7599140 | 12.85 || 24 | lo11716 | 2:53 | ‘647018 | 13.80 
25 | .902659 | 2.58] 2599911 | 12°85 |] 25] lo11868 | 2153 | lea7sai | 13.82 
26 | .902814 | 2.58] 600682 | 12°88 || 26 | ‘912020 | 253 | [648670 | 13.82 
27 | .902069 | 2.58] 601455 | 12.88 |] 27 | 1912172 | 2:53 | 1649499 | 13.85 
28 | .908124 | 2.57 | 602228 | 12/92 || 28 | 1912324 | 2153 | [650380 | 13.87 
29 | .908278 | 2.58] 2603003 | 12:92 |] 29 | ‘912476 | 2'53 | “651162 | 13.88 
30 | .908433 | 2.58{  .608778 | 12.93 || 30 | 1912628] 2:53 | 651995 | 13.90 
31 | 9.903588 | 2.57 | 10.604554 | 12.95 || 31 | 9.912780 | 2.53 |10.652829 | 13.92 
82 | 908742 | 2.58] 1605331 | 12:95 || 32 | lo12982 | 2153 | .658664 | 13.95 
83 .903897 | 2.57] 606108 | 12.98 |] 83} ‘o1s084 | 2°52 | 2654501 | 13.95 
34) .904051 | 2.58]  S606887 | 13.00 |] 84 | 1913285 | 2:58 | :655338 | 13.97 
35 | 904206 | 2-57 | 1607667 | 13.00 || 35 | ‘913887 | 253} 1656176 | 14:00 
36 | .904360 | 2.57]  °608447 | 13.02 |/ 86 | ‘913539 | 2:52] :657016 | 14.00 
87] .904514 | 2.57 | 609228 | 13.03 || 87 | 1918600 | 2:53 | le57856 | 14103 
88 | .904668 | 2.58 | °610010 | 13.07 || 83 | ‘o1ss42 | 2152 | le5se98 | 14.03 
89 | .904823 | 2.57 | 610794 | 13°07 || 89 | 913993 | 2153 | 1659540 | 14.07 
40} .904977 | 2.57 | 611578 | 13.08 || 40] ‘914145 | 2:52 | L660384 | 14.08 
41 | 9.905131 | 2.57 | 10.612363 | 13.08 || 41 | 9.914296 | 2.58 |10.661299 | 14.10 
42 | .905285 | 2.57 | 613148 | 13:12 || 42] 1444s | 2152 | eo2075 | 14/19 
43 | .905439 | 2.57 | 613935 | 13:13 |] 43 | ‘914599 | 2.52] ea2022 | 14:13 
44] .905593 | 2.57 | .614723 | 13:13 || 44 | 2914750 | 2.53 | 2603770 | 14/15 
45 | .905747 | 2.57 | 615511 | 13:17 || 45 | ‘o14902 | 2.52] ‘604619 | 14/18 
46 | 905901 | 2.57 | 616301 | 13:17 || 46 | 915053 | 2.52 | ‘605470 | 14:18 
47 | .906055 | 2.57] 617091 | 18:20 || 47 | ‘915204 | 2.52 | “eso3ei | 14:29 
48 | .906209 | 2.57] 617883 | 13:20 || 48 | 1915855 | 2:52 | “eovi74 | 14.93 
49) .906363 | 2.55 | .618675 | 13:22 || 49 | 915506 | 2'52 | 608028 | 14/95 
50 | .906516 | 2.57} —.619468 | 13.23 || 50 | ‘915657 | 2.52] l6e8ss3 | 14/2 
51 | 9.908670 | 2.57 | 10.620262 | 13.25 || 51 | 9.915808 | 2.52 |10.669739 | 14.28 
52] 906824 | 2.55] —.621057 | 13:27 || 52] 915959 | 2:52 | .670596 | 14.80 
53! 906077 | 2.57 | 621853 | 13:28 || 53 | :916110 | 2:52 | 1671454 | 14/33 
54| .907181 | 2.55] — 622650 | 13:80 || 54 | 916261 | 2152 | l672314 | 14/33 
55 | .907284 | 2.57 | 628448 | 13:82 || 55 | oieai2 | 2150 | levsi74 | 14.87 
56} .907438 | 2.55 | .624247 | 13.83 || 56 | ‘916562 | 2.52] 1674036 | 14/38 
BY | .907591 | 2.55 | —.625047.|. 13.85 || 57 | 916713 | 2152 | lez4go9 | 14.40 
58) .907744 | 2.57 | 625848 | 13.87 |/ 58 | “o16864 | 2'50 | lers7e3 | 14.42 
59 | 907898 | 2.55} 626650 | 13.87 || 59 | ‘or7o14 | 2152 | levees | 14/45 
60 | 9.908051 | 2.55 | 10.627452 | 13:40 || 60 | 9.917165 | 2:52 |101677495 | 14.45 


—ee eee SSeS 


AND EXTERNAL SECANTS 
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80° 
4 Vers, | D. 1"5} ‘Ex. see,. | D. 1’. 
0 | 9.917165 | 2.52 | 10.677495 | 14.45 
1| .917316 | 2.50 678362 | 14.48 
2] .917466 | 2.50 .679231 | 14.50 
8} .917616 | 2.52 680101 | 14.52 
4] .917767 | 2.50 -680972 | 14.55 
5} .917917 | 2.52 -681845 | 14.55 
6 | .918068 | 2.50 -682718 | 14.58 
7 | .918218 | 2.50 .683593 | 14.60 
8} .918388 | 2.50 -684469 | 14.62 
9} .918518 | 2.50 -685346 | 14.63 
10 | .918668 | 2.50 -686224 | 14.67 
11 | 9.918818 | 2.50 | 10.687104 | 14.68 
412 | .918968 | 2.50 -687985 | 14.70 
13 | .919118 | 2.50 688867 } 14.72 
14 | .919268 | 2.50 -689750 | 14.73 
415 | .919418 | 2.50 -690684 | 14.77 
16 | .919568 | 2.50 691520 | 14.78 
47 | .919718 | 2.50 692407 | 14.80 
18 | .919868 | 2.50 693295 | 14.83 
49 | .920018 | 2.48 .694185 | 14.88 
20 | .920167 | 2.50 -695075 | 14.87 
21 | 9.920817 | 2.48 | 10.695967 | 14.90 
22| .920466 | 2.50 696861 | 14.90 
23 | .920616 | 2.50 697755 | 14.93 
24) .920766 | 2.48 698651 | 14.95 
25 920915 | 2.48 699548 | 14.97 
26 921064 } 2.50 -700446 | 15.00 
27 | .921214 | 2.48 (01346 | 15.02 
28 | .921363 | 2.48 102247 | 15.03 
29} .921512 | 2.50 703149 | 15.05 
830} .921662 | 2.48 «704052 | 15.08 
31 | 9.921811 | 2.48 | 10.'704957 | 15.10 
82} .921960 | 2.48 705863 | 15.18 
33 | .922109 | 2.48 (06771 | 15.15 
34] .922258 | 2.48 107680 | 15.17 
35 | .922407 | 2.48 08590 | 15.18 
836 | .922556 | 2.48 709501 | 15.22 
37 | .922705 | 2.48 710414 | 15.23 
88 | .922854 | 2.48 (11328 | 15.25 
39 | .928003 | 2.48 -'712243 | 15.28 
40 | .928152 | 2.48 718160 | 15.30 
41 | 9.923301 | 2.47 | 10.714078 | 15.33 
42 | .923449 | 2.48 714998 | 15.35 
43} 923598 | 2.48 715919 | 15.37 
44} .923747 | 2.47 716841 | 15 28 
45 |  .923895 | 2.48 717764 | 15.42 
46) .924044 | 2.47 718689 | 15.45 
47 |  .924192 | 2.48 719616 | 15.45 
48} .924341 | 2.47 720543 | 15.48 
49 | 924489 | 2.47 .721472 | 15.52 
50 | .924687 | 2.48 722408 | 15.58 
51 | 9.924786 | 2.47 | 10.728385 | 15.55 
52 | .924934 | 2.47 724268 | 15.58 
53 | .925082 | 2.48 . 725203 | 15.60 
54 | .925231 | 2.47 726189 | 15.63 
Bb | 925379 | 2.47 2077 | 15.65 
56 | .925527 | 2.47 -728016 | 15.67 
57 | .925675 | 2.47 - 728956 | 15.70 
58 | 925828 | 2.47 729898 | 15.73 
59} .925971 | 2.47 780842 | 15.73 
60 | 9.926119 | 2.47 | 10.731786 | 15.78 

















81° 

a CEE a EE eS AN 
, Vers. |D.1’.| Ex. sec. | D. 1", 
O | 9.926119 | 2.47 }10.731786 | 15.78 
1 - 926267 | 2.47 - 732783 | 15.78 
2 -926415 | 2.45 - 733680 | 15.83 
3 - 926562 | 2.47 - 734630 | 15.83 
4 -926710 | 2.47 - 735580 | 15.87 
5 -926858 | 2.47 - 736532 | 15.90 
6 -927006 | 2.45 737486 | 15.92 
¥¢ -927153 | 2.47 73844 15.95 
8 .927301 | 2.45 -739398 | 15.97 
9 .927448 | 2.47 - 740356 | 16.00 
10 -927596 | 2.45 - 741316 | 16.02 
11 | 9.927743 | 2.47 |10.'742277 | 16.08 
12 -927891 | 2.45 - 743239 | 16.08 
13 - 928038 | 2.45 - 744204 | 16.08 
14 -928185 | 2.47 - 745169 | 16.13 
15 - 9283338 | 2.45 - 746187 | 16.13 
16 - 928480 | 2.45 - 747105 | 16.18 
17 - 928627 | 2.45 - 748076 | 16.20 
18 928774 | 2.45 - 749048 | 16.22 
19 -928921 | 2.45 - 750021 | 16.25 
20} .929068 | 2.45] .750996 | 16.28 
21 | 9.929215 | 2.45 |10.'751973 | 16.30 
22 - 929362 | 2.45 - 752951 | 16.33 
23 -929509 | 2.45 - 753931 | 16.35 
24 - 929656 | 2.45 - 754912 | 16.38 
25 -929803 | 2.45 - 755895 | 16.42 
26 -929950 | 2.45 - 756880 | 16.43 
27 -980097 | 2.48 - 757866 | 16.47 
28 - 930243 | 2.45 . 758854 | 16.50 
29 | .9303890 | 2.45 | .759844 | 16.52 
30 | .980587 | 2.48 | .%60885 | 16.53 
81 | 9.930683 | 2.45 |10.'761827 | 16.58 
82 - 930830 | 2.43 - 762822 | 16.60 
33 -980976 | 2.45 - 763818 | 16.62 
34 -931123 | 2.43 -'764815 | 16.67 
35 -931269 | 2.45 - 765815 | 16.68 
36 -931416 | 2.43 766816 | 16.72 
37 - 981562 | 2.43 767819 | 16.73 
88 -931708 | 2.45 768823.| 16.77 
89 | 1931855 | 2.43] -'769829 | 16:80 
40} .982001 | 2.43 70837 | 16.82 
41 | 9.932147 | 2.48 |10.'771846 | 16.87 
42 -982293 | 2.43 - 772858 | 16.87 
43 -932439 | 2.43 - 773870 | 16.92 
44 982585 | 2.43 - 774885 | 16.95 
45 -982731 | 2.43 - 775902 | 16.97 
46 932877 | 2.43 - 776920 | 17.00 
47 - 933023 | 2.43 777940 | 17.02 
48 . 933169 | 2.43 778961 | 17.07 
49 -933315 | 2.42 - 779985 | 17.08 
50] .9838460] 2.43} .781010 | 17.12 
51 | 9.933606 | 2.43 |10.782087 | 17.13 
52 -93838752 | 2.42 783065 | 17.18 
53 -933897 | 2.43 -784096 | 17.20 
54 -934043 | 2.43 -785128 | 17.28 
55 -9384189 | 2.42 786162 | 17.27 
56 - 934334 | 2 43 - 787198 | 17.30 
57 -934480 | 2.42 788236 | 17.33 
58 -934625 | 2.42 - 789276 | 17.35 
59 .934770 | 2.43 -790317 | 17.40 
60 | 9.934916 | 2.42 110.791361 | 17.42 
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82° 83° 
s Vers. |. D. 1%:| Ex. see;y) D. 1". .% Vers, |D. 1%.) Ex. see. | D. 1°. 
0 | 9.934916 | 2.42 | 10.791361 | 17.42 0 | 9.943559 | 2.38 |10.857665 | 19,55 
1 -935061 | 2.42 792406 | 17.45 1 .948702 | 2.38 .858888 | 19.58 
2 -935206 | 2.43 793453 | 17.48 2 -948845 | 2.37 .860013 | 19,63 
3 -935852 | 2.42 | ~ .794502 | 17.50 3 , 943987 | 2.38 -861191 | 19,67 
4 -935497 | 2.42 795552 | 17.55 4 . 944130 | 2.38 .862371 | 19,72 
5 935642 | 2.42 796605 | 17.58 5 .944273 | 2.37 .863554. | 19.75 
6 935787 | 2.42 - 797660 | 17.60 6 .944415 | 2.38 -864739 | 19.80 
q 935932 | 2.42 - 798716 | 17.63 1g -944558 | 2.37 .865927 | 19.83 
8 -936077 | 2.42 (99774 | 17.68 8 -944700 | 2.38 .867117 | 19.88 
9 .936222 | 2.42 -800835 | 17.70 9 +944843 | 2.37 .868310 | 19.92 
10 -9363867 | 2.42 -801897 | 17.73 |) 10 944985 | 2.37 -869505 | 19.97 
11 | 9.936512 | 2.42 | 10.802961 | 17.77 || 11 | 9.945127 | 2.38 |10.870703 | 20.00 
12 .936657 | 2.40 -804027 | 17.80 || 12 +945270 | 2.37 .871903 | 20.05 
13 -936801 | 2.42 -805095 | 17.83 |} 13 945412 | 2.37 .873106 | 20.10 
14 936946 | 2.42 -806165: | 17.87 || 14 945554 | 2.37 .874312 | 20.18 
15 | . 937091 | 2.42 -807237 | 17.90 || 15 -945696 | 2.37 .875520 | 20.18 
16 -937236 | 2.40 -808311 | 17.93 || 16 - 945888 | 2.38 -876781 | 20.23 
17 .937380 | 2.42 -809387 | 17.97 || 17 ,945981 | 2.37 -877945 | 20.27 
18 -937525 | 2.40 -810465 | 18.00 || 18 .946123 | 2.37 -879161 | 20.30 
19 -93/669 | 2.42 -811545 | 18.03 || 19 -946265 | 2.37 -880379 | 20.37 
20 -937814 | 2.40 -812627 | 18.07 || 20 -946407 | 2.37 -881601 | 20.40 
21 | 9.937958 | 2.42 | 10.818711 | 18.10 || 21 | 9.946549 | 2.35 |10.882825 | 20.45 
22 .938103 | 2.40 -814797 | 18.13 || 22 .946690 | 2.37 -884052 | 20.48 
23 -938247 | 2.40 815885 | 18.17 || 23 + 946832 | 2.37 -885281 | 20/55 
24 -938391 | 2.42 816975 | 18.20 |; 24 -946974 | 2.37 -886514 | 20.58 
25 . 938536 | 2.40 -818067 | 18.23 |} 25 947116 | 2.37 -887749 | 20.62 
26 938680 | 2.40 -819161 | 18.27 || 26 .947258 | 2.35 -888986 | 20.68 
27 938824 | 2.40 ,820257 | 18.82 || 27 .947399 | 2.37 -890227 | 20.72 
28 -938968 | 2.40 -821356 | 18.33 || 28 947541 | 2.37 -891470. | 20.77 
29 -939112 | 2.42 -822456 | 18.38 || 29 -947683 | 2.35 -892716 } 20:82 
30 -939257 | 2.40 -823559 | 18.42 |} 80 947824 | 2.37 -893965. | 20.87 
31 | 9.939401 | 2.40 | 10.824664 | 18.43 || 31 | 9.947966 | 2.35 |10.895217 | 20.92 
32 -939545 | 2.38 -825770 | 18.48 || 32 -948107 | 2.37 -896472 | 20.95 
33 -939688 | 2.40 826879 | 18.52 || 33 -948249 | 2.35 -897729 | 21.00 
84 | .939832 | 2.40 -827990 | 18.57 || 84] .948390 | 2.35 | .898989 | 21.07 
35 -939976 | 2.40 -829104 | 18.58 |] 35 -948531. | 2.37 - 900258 | 21.10 
36 -940120 | 2.40 -830219 | 18.63 || 36 ,948673 | 2.35 -901519 | 21.15 
87 -940264 | 2.40 831337 | 18.65 || 37 -948814 | 2.35 -902788 | 21.20 
88 -940408.| 2.38 832456 | 18.70 |} 38 .948955 | 2.35 -904060 | 21.25 
89 -940551 | 2.40 -883578 | 18.75 || 39 -949096 | 2.35 - 905335 | 21.380 
40 -940695 | 2.40 -834703 | 18.77 || 40 949237 | 2.37 -9066138 | 21.38 
41 | 9.940839 | 2.38 | 10.835829 | 18.80 || 41 | 9.949379 | 2.35 |10.907898 | 21.40 
42 -940982 | 2.40 836957 | 18.85 |] 42 - 949520] 2.35 -909177 | 21.45 
43 -941126 | 2.38 -838088 | 18.88 || 43 -949661 | 2.35 -910464 | 21.50 
44 - 941269 | 2.40 .839221 | 18.98 || 44 . 949802 | 2.35 911754 | 21.55 
45 -941413 | 2.38 -840357 | 18.95 |} 45 ,949943, | 2.33 918047 | 21.60 
46 -941556 | 2.38 -841494 | 19.00 |} 46 . 950088 | 2.35 914843 | 21.65 
av - 941699 | 2.40 842634 | 19.08 || 47 950224 | 2.35 915642 | 21.70 
48 - 941843 2.38 .843776 | 19.08 || 48 -9503865 | 2.35 -916944 | 21.75 
49 .941986 | 2.38 -844921 | 19.12 |] 49 .950506 | 2.35 - 918249 | 21.82 
50 | .942129 | 2.38 +846068 | 19.15 || 50 | 950647 | 2.33 | .919558 | 21.85 
51 | 9.942272 | 2.388 | 10.847217 | 19.18 || 51 | 9.950787 | 2.35 |10.920869 | 21.92 
52 . 942415 2.40 -848368 | 19.23 || 52 950928 |, 2.35 -922184 | 21.97 
53 942559 | 2.38 -849522 | 19.27 || 53 -951069 | 2.33 928502 | 22.02 
54 -942702 | 2.38 -850678 | 19.30 || 54 -951209 | 2.35 - 924823 | 22.07 
55 942845 | 2.38 -851836 | 19.85 || 55 - 951350 | 2.33 - 926147 | 22.18 
56 942988 | 2.38 -852997 | 19.40 || 56 -951490 | 2.35 927475: || 22.117 
57 .943181 | 2.37 -854161 | 19.42 || 57 -951631 | 2.33 928805 | 22.23 
58 - 948273 | 2.38 -855326 | 19.47 || 58 -951771 *| 2.33 .930139 | 22.30 
59 943416 | 2.38 .856494 19.52 || 59 .951911 | 2.35 -931477 | 22.33 
60 ! 9.943559 | 2.88 ! 10.857665 | 19.55 || 60 | 9.952052 | 2.38 110.982817 | 22.40 














AND EXTERNAL SECANTS 195 
SS Rs era 


















































84° 85° 

4 | Vers, .|D.1".| Ex. sec, | D. 1", ||. / Vers. |D. 1". | Ex. sec. | D. 1’. 
© 4 9.952052 | 2.383 | 10.932817 | 22.40 0 | 9.960397 | 2.30 /11.020101 | 26.40 
1 .952192 | 2.33 -934161 | 22.45 1 -960585 | 2.28 -021685 | 26.48 
2 .952382 | 2.35 935508 | 22.52 2 - 960672 | 2.30 028274 | 26.57 
38 + 952473 2.33 986859 | 22.57 3 - 960810 | 2.30 024868 | 26.65 
4 952613 | 2.33 938213 | 22.62 4 - 960948 | 2.30 026467 | 26.73 

ee >) 1952753 | 2.33 939570 | 22.68 5 - 961086 | 2.28 028071 | 26.80 
6 - 952893 | 2.33 940931 | 22.75 6 -961223 | 2.30 029679 | 26.90 
qv -953033 | 2.33 -942296 | 22.78 q - 961861 | 2.28 031293 | 26.98 
8 -953173 | 2.33 -943663 | 22.85 8 -961498 | 2.30 032912 | 27.07 
9 -953313.| 2.33 945034 | 22.92 9 - 961686 | 2.28 034536 | 27.13 
10 - 9538453 | 2,33 946409 | 22.97 || 10 -961773 | 2.30 036164 | 27.23 
11 | 9.958593 | 2.382 | 10.947787 | 23.03 || 11 } 9.961911 | 2.28 |11.087798 | 27.88 
12 -9538782 | 2.33 -949169 | 23.08 || 12 -962048 | 2.30 -039438 | 27.40 
13 - 958872 | 2.33 -950554 | 23.15 || 13 -962186 | 2.28 -041082 | 27.50 
14 -954012 | 2.33 -951943 | 23.22 || 14 - 962323 | 2.28 -042732 | 27.58 
15 - 954152 | 2.32 -953336 | 23.27 || 15 - 962460 | 2.28 -044387 | 27.67 
16 - 954291 | 2.33 -954732 | 23.33 || 16 - 962597 | 2.30 -046047 | 27.77 
17 -954431 | 2.33 -956132 | 23.38 || 17 -962785 | 2.28 :047713 | 27.85 
18 954571 | 2.32 -957585 | 23.45 || 18 - 962872 | 2.28 .049884 | 27.93 
19 -954710 | 2.33 - 958942 | 23.52 || 19 - 963009 | 2.28 -051060. | 28.03 
20 | .954850 | 2.32 -960853 | 23.57 || 20] .963146 | 2.28 | .052742 | 28.13 
21 | 9.954989 | 2.33 | 10.961767 | 23.65 || 21 | 9.963283 | 2.28 |11.054430 | 28.22 
22 -955129 | 2.32 -963186 | 23.70 || 22 - 963420 | 2.28 -056123 | 28.30 
23 . 955268: | 2,32 -964608 | 23.77 || 23 -963557 | 2.28 -057821 | 28.40 
24 | .955407-| 2.33 .966034 | 23.82 || 24} .963694 | 2.28 | .059525 | 28.50 
25 955547 | 2,32 -967463 | 23.90 || 25 -963831 | 2.28 -061235.| 28.60 
26 955686 | 2.32 - 968897 | 23.95 || 26 - 963968 | 2.27 -062951 | 28.68 
27 +955825 | 2.32 -970334 | 24.02 || 27 -964104 | 2.28 -064672 | 28.78 
28 955964 | 2.32 971775 | 24.10 || 28 964241 | 2.28 .066399 | 28.88 
29 956103 | 2.33 978221 | 24.15 || 29 .964378 | 2.28 -068182 | 28.98 
30 956243. | 2.32 -974670 | 24.22 || 80 | .964515 | 2.27 | .069871 | 29.08 
81 | 9.956382 | 2:32 | 10.976123 | 24.28 || 31 | 9.964651 | 2.28 /11.071616 | 29.18 
82 -956521 | 2.32 -977580 | 24.35 || 32 - 964788 | 2.27 -073367 | 29.28 
33 .956660 | 2.82 979041 | 24.42 || 33 964924 | 2.28 .075124 | 29.38 
34 -956799 | 2.30 980506 | 24.48 || 34 965061 | 2.27 -076887 | 29.48 
35 - 956937 | 2.32 -981975 | 24.55 || 35 -965197 | 2.28 -078656. | 29.58 
36 - 957076 | 2.32 -983448' | 24.63 || 86 - 965334 | 2.27 -080431 | 29.68 
37 -957215 | 2.82 - 984926 | 24.68 || 37 -965470 | 2.28 -082212 | 29.80 
88} .957354 | 2.32 986407 | 24.77 || 88.| .965607 | 2.27 | .084000 | 29.90 
389 - 957493 | 2.30 -987893 | 24.83 || 389 -965743 | 2.27 -085794 | 80.00 
40| . a 2.32 -989883 | 24.90 || 40} .965879 | 2.28 |  .087594 | 80.12 
41 | 9.957770 | 2.32.| 10.990877 | 24.97 || 41 | 9.966016 | 2.27 |11.089401 | 30.22 
42 ; 357909 2.30 -992875 | 25.03 || 42 -966152 | 2.27 -091214 | 80.32 
43 958047 | 2.32 998877 | 25.12 || 43} .966288 | 2.27 | .093033 | 30.43 
44 . 958186 | 2.30 -995384 | 25.18 || 44 - 966424 | 2.27 -094859 | 30.55 
45 - 958324 | 2,82 -996895 | 25.27 || 45 .966560 | 2.27 -096692 | 30.67 
46 958463 | 2.30 -998411 | 25.33 || 46 -966696 | 2.27 .098582 | 80.77 
47 | .958601 | 2.30 999931 | 25.40 || 47 | .966882 | 2.27 | .100378 | 30.87 
48 | .958739 | 2.82 | 11.001455 | 25. 48 | .966968 | 2.27 | .102230 | 31.00 
49 -958878 | 2.30 -002984 | 25.58 || 49 -967104 | 2.27 -104090 | 31.12 
50 | .959016 | 2.30 -004517 | 25.68 || 50} .967240 | 2.27 | .105957 | 31.22 
51 | 9.959154 | 2.30 | 11.006055 | 25.70 || 51 | 9.967376 | 2.27 |11.107830 | 81.85 
52 959292 | 2.32 .007597 | 25.78 || 52 -967512 | 2.25 -109711 | 31.45 
53 959431 | 2.30 -009144 | 25.85 || 53 -967647 | 2.27 -111598 | 31.58 
54 959569 | 2.30 .010695 | 25.93 || 54 | .967783 | 2.27 | .118493 | 31.68 
55 959707 | 2.30 .012251 | 26.00 |} 55 - 967919 | 2.25 -115394 | 81.82 
56 959845 | 2.30 .013814 | 26.10 || 56 - 968054 | 2.27 -117308 | 31.98 
57 959983 | 2.30 .015377 | 26.17 || 57 | .968190 | 2.27] .119219 | 32.07 
58 -960121 | 2.30 .016947 | 26.23 || 58 .968326 | 2.25 .121143 | 32.18 
59 -960259 | 2.30 .018521 | 26.33 || 59 - 968461 rj 27 -123074 | 32.30 
40 | 9.960397 | 2.30 | 11.020101 | 26.40 || 60 | 9.968597 | 2.25 111. 125012 | 82.43 





—— 


196 TABLE XXVI.—LOGARITHMIC VERSED SINES 


























86° 87° 

, Vers, |D. 1°.) Ex.sec., | D 1°. || ” Vers, |D.1*.| Ex. sec. | D. 1°, 

0 | 9.968597 | 2.25 1.125012 | 32.43 0 | 9.976654 | 2.23 |11.257854 | 42.52 

1 -9687382 | 2.27 126958 | 32.55 1 976788 | 2.22 -260405 | 42.73 

2 968868 | 2.25 128911 | 32.70 2 -976921 | 2.22 -262969 | 42.95 

3 969003 | 2.25 180873 | 32.80 3 977054 | 2.22 -265546 | 43.20 

4 969188 | 2.27 182841 | 32.95 4 977187 | 2.22 - 268138 | 43.42 

5 969274 | 2.25 -134818 | 33.07 5 977320 | 2.20 -270743 | 43.67 

6 969409 | 2.25 136802 | 33,22 6 977452 | 2.22 -273363 | 43.88 

q 969544 | 2.25 -188795 | 33.33 v4 -977585 | 2.22 -275996 | 44.15 

8 969679 | 2.25 140795 | 33.47 8 -977718 | 2.22 -278645 | 44.38 

9 969814 | 2.25 142803 | 33.62 9 977851 | 2.22 -281308 | 44.63 
10 -969949 | 2.25 144820 | 33.73 || 10 977984 | 2.20 -283986 | 44.88 
11 | 9.970084 | 2.25 | 11.146844 | 33.88 |} 11 | 9.978116 | 2.22 |11.286679 45.13 
12] .970219 | 2.25 -148877 | 34.02 || 12 -978249. | 2.22 289887 | 45.38 
13 -970354 | 2.25 -150918 | 34.17 |} 13 -978382 | 2.20 292110 | 45.65 
14 970489 | 2,25 -152968 | 34.30 || 14 -978514 | 2.22 294849 | 45.92 
15 -970624 | 2.25 -155026 | 34.43°]| 15 pseiess 2.20 297604 | 46.17 
16 -970759 | 2.25 -157092 | 34.60 || 16 -978779 | 2.22 800374 | 46.45 
17 - 970894 | 2.25 -159168 | 34.73 || 17 "978912 2.20 303161 | 46.72 
18 -971029 | 2.25 -161252 | 34.87 || 18 -979044 | 2.22 3805964 | 47.00 
19 -971164 | 2.23 - 163344 | 35.03 || 19 979177 | 2.20 8087 47 27 
20] .971298 | 2.25 2165446 | 35.17 || 20 979309 | 2.22 -811620 | 47.55 
21 | 9.971433 | 2.25 | 11.167556 | 35.33 || 21 | 9.979442 | 2.20 11.814478 | 47.83 
22 -971568 | 2.23 169676 | 85.48 || 22 979574 | 2.20 -817843 | 48.13 
23 -971702 | 2.25 ~171805 | 35.63 || 23 979706 | 2.20 -820231 | 48.43 
24 -971887 | 2.23 178943 | 35.78 || 24 979838 | 2.20 -8231387 | 48.72 
25 -971971 | 2.25 176090 | 35.93 || 25 979970 | 2.22 -826060 | 49.02 
26} .972106.} 2.23 “ 46 | 36.10 || 26 980103 | 2.20 -829001 | 49.33 
27 -972240 | 2.23 -180412 | 36.27 || 27 980285 | 2:20 -3831961 | 49.63 
28 - 972874 | 2.25 -182588 | 36.42 || 28 980367 | 2.20 +834939 | 49.93 
29 - 972509 | 2.23 -184773 | 36.58 |] 29 980499 | 2:20 -8379385 | 50.27 
80] .972643 | 2.23 | — .186968 | 36.75 || 30 | -980681 | 2.20 | 1340951 | 50.58 
31 | 9.972777 | 2.25 | 11.189173 36.90 || 81 | 9.980763 | 2.20 |11.843986 | 50.92 
32 - 972912 | 2.23 -191887 | 37.08 || 32 - 980895 | 2.18 -847041 | 51.28 
33 - 973046 | 2.23 -193612 | 37.25 || 33 2981026 | 2.20 -850115 | 51.58 
34 -973180 | 2.23 -195847 | 37.42 || 34 -981158 | 2.20 -3858210 | 51.92 
35 -973314 | 2.23 198092 | 37.58 || 35 -981290: | 2.20 -856325 | 52.25 
36 973448 | 2.23 -200347 | 37.77 || 36 981422 | 2.20 -359460 | 52.62 
37 973582 | 2.23 202613 | 37.93 || 87 981554 | 2.18 +862617 | 52.95 
38 -973716 | 2.23 -204889 | 38.12 |] 38 981685 | 2.20 -865794 | 53.32 
39 - 973850 | 2.23 -207176 | 38.28 || 39 -981817 | 2.20 -868993 | 53.68 
40| .978984 | 2.23 -209473 | 38.47 || 40 -981949 | 2.18 +872214 | 54.07 
41 | 9.974118 | 2.23 | 11.211781 | 38.67 || 41 9.982080 | 2.20 |11.375458 | 54.42 
42) 974252 | 2.23 214101 | 38.83 |} 42 -982212 | 2.18 »878723 | 54.80 
43 .974886 | 2.22 -216431 | 89.03 || 43 - 982343 | 2.20 882011 | 55.20 
44 974519 | 2.23 -218773 | 89.20 || 44 - 982475 | 2.18 385823 | 55.58 
45 974653 | 2.23 221125 | 89.42 || 45 982606 | 2.18 888658 | 55.97 
46 974787 | 2.22 223490 | 89.58 || 46 982787 | 2.20 892016 | 56.38 
47 + 974920 2.28 225865 | 89.80 || 47 982869 | 2.18 395399 | 56.80 
48 975054 | 2.23 228253 | 39.98 || 48 983000 | 2.18 398807 | 57.20 
49 975188 2.22 280652 | 40.18 || 49 983131 | 2.18 -402239 | 57.62 
50 975821 | 2.23 283063 | 40.38 || 50 988262: | 2.20 -405696 | 58.07 
51 | 9.975455 | 2.22 | 11.235486 40.58 || 51 | 9.983394 -| 2.18 |11:409180 | 58.48 
52 -975588 | 2.23 287921 | 40.78 || 52 -983525-| 2.18 -412689 | 58.93 
53 975722 | 2.22 -240368 | 41.00 |] 53 -983656 | 2.18 -416225 | 59.88 
54 -975855 | 2.22 242828 | 41.20 || 54 -983787 | 2.18 -419788 | 59.83 
55 975988 | 2.28 245300 | 41.42 || 55 983918 | 2.18 -423378 | 60.28 
56 976122 | 2.22 247785 | 41.63 || 56 984049 | 2.18 -426995 | 60.7 
57 976255 | 2.22 250283 | 41.83 || 57 984180 | 2.18 .480641 | 61.25 
58 -976388 | 2.22 252793 | 42.07 || 58 984311 | 2.18 -434316 | 61.78 
59 .976521 | 2.22 -255317 42. 28 || 59 -984442 | 2.18 -438020 } 62.22 
60 | 9.976654 | 2.23 | 11.257854 | 42.52 || 60 | 9. 984573 | 2.17 |11.441753 | 62.73 











AND EXTERNAL SECANTS 197 























88° 89° 

*| Vers. |D. 1°.) Ex.sec. |q+Jl'| ’ | Vers, ID. 1".| Ex.sec. |q-+1 
15, 29*/| | |15.30* 

0 / 9.984573 | 2.17 ] 11.441753 | 9086 0 | 9.992854 11.7750498 | 6801 
1 - 984703 | 2.18 -445517 | 9215 1 992482 - 757925 | 6929 
2 -984834 | 2.18 +449311 | 9345 2 - 992611 765477 | 7056 
3 -984965 | 2.18 -453137 | 9474 3 -992739 773158 | 7184 
4 -985096 | 2.17 -456994 | 9603 4 - 992868 -(80973 | 7312 
5 | .985226 | 2.18 -460883 | 9732 5 - 992996 -788926 | 7440 
6 -985357 | 2.17 -464805 | 9862 6 -993124 -(97022 | 7567 
tr -985487 | 2.18 468761 | 9991 Lf -9938253 -805268 | 7695 
8 -985618 | 2.17 472751 | 4120 8 -993381 .813668 | 7823 
9 -985748 | 2.18 476775 | 0249 9 -993509 «822229 | 7950 
10] .985879 | 2.17 -480834 | 0878 || 10 | .993637 830956 | 8078 

j1 


11 | 9.986009 | 2.18 | 11.484929 | 0507 9.993765 11.839858 | 8205 





848940 |. 8333 
-858211 | 8460 
867679 | 8588 
877351 | 8715 
-887239 | 8843 
.897350 | 8970 
907697 | 9097 


12 -986140 | 2.17 -489061 | 0636 || 12] .993894 
13 | .986270 | 2.17 493230 | 0765 || 13 | .994022 
14| .986400 | 2.18 497437 | 0894 || 14 | .994150 
15 | .986531 | 2.17 -501683 | 1023 || 15 | .994278 
16 | .986661 | 2.17 -505968 | 1152 || 16 | .994406 
17 | .986791 | 2.17 -510293 | 1281 7 | 994534 
18 | .986921 | 2.17 -514659 | 1410 || 18 | .994662 
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2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 
19 | .987051 | 2.17 | | .519066 | 1539 || 19 | .994789 | 2.1 -918290 | 9225 
20 | .987181 | 2.17 |  .523516 | 1668 || 20} .994917 | 2.1 -929141 | 9352 
21 | 9.987311 | 2.17 | 11.528010 | 1797 || 21 | 9.995045 | 2.13 | 11.940264 | 9479 
22] 987441 | 2.17 | — .582548 | 1925 |] 22] .995173 | 2.1 -951672 | 9607 
23) .987571 | 2.17 | .587181 | 2054 || 23. | .995301 | 2.1 -963381 | 9734 
24) 987701 | 2.17 |  .541760 | 2183 || 24 | 995428 | 2.1 .975408 | 9862 
25 | 987831 | 2.17 | .546437 | 2312 || 25 | 995556 | 2.12 | 11.987769 | 9988 
26 | .987961 | 2.17 | 551161 | 2440 || 26 | 995683 | 2.13 | 12.000485 | 116 
27 | .988091 | 2.17 | 555935 | 2569 || 27 | .995811 | 2.18 | .013578 | 0243 
28 | .988221 | 2.15 | .560759 | 2698 || 28 | .995939 | 2.12 | 027069 | 0370 
29 | .988350 | 2.17 | 565634 | 2826 |] 29) .996066 | 2.12 |  .040084 | 0497 
80) .988480 | 2.17 | .570561 | 2955 || 80} .996193 | 2.13 | 055852 | 0624 
31 | 9.988610 | 2.15 | 11.575542 | 3083 || 81 | 9.996321 | 2.12 | 12.070202 | 0751 
32] .988739 | 2.17 | 580578 | 3212 || 82 | .996448 | 2.13 | .085569 |. 087 
83) .988869 | 2.15 |  .585670 | 3340 |] 83 | 996576 | 2.12} 101490 | 1005 
34] 988998 | 2.17 | .590819 | 3469 || 34 | .996703 | 2.12}  .118008 | 1182 
35.) .989128 | 2.15 | 596027 | 3597 |) 85 | .996830 | 2.12] 135168 , 1259 
36} 989257 | 2.17] 601295 | 3726 || 86 | .996957 | 2.13 | 153024 |. 1386 
37 | 989387 | 2.15 | .606625 | 8854 /| 87 | .997085 | 2.12] 1716384 | 1513 
88 | .989516 | 2.17 |  .612018 | 8983 || 88 | .997212 | 2.12 | .191066.| 1640 
89] .989646 | 2.15} 617475 | 4111 || 89 | .997339 | 2.12 | 211306 | 1767 
40 | .989775 | 2.15 | .622998 | 4239 || 40 | .997466 | 2.12 | .282712 | 1894 
41 | 9.989904 | 2.17 | 11.628589 | 4868 || 41 | 9.997593 | 2.12 | 12.255116 | 2020 
42 | .990034 | 2.15 | 634250 | 4496-|| 42 | .997720 | 2.12] .278723 |. 2147 
43'| .990163 | 2.15 | .639982 | 4624 || 43 | .997847 | 2.12 | .803674 | 2274 
44] .990292 | 2.15 | .645788 | 4752 || 44 | .997974 | 2.12 | .330129 | 2401 
45 | .990421 | 2.15 |  .651668 | 4881 || 45 | .998101 | 2.12 | .358285 | 2527 
46} .990550 | 2.15 | .657626 | 5009 || 46 | .998228 | 2.12 |  .888375 | 2654 
42 | 990679 | 2.15 | 663663 | 5137 || 47 | 998355 | 2.10 | 420686 | 2781 
48} .990808 | 2.15 |  .669781 | 5265 || 48 | .998481 | 2.12] 455575 | 2907 
49 | .990937 | 2.15 | .675984 | 5393 || 49 | .998608 | 2.12 |  .493490 | 3034 
50] .991066 | 2.15 | 682272 | 5521 || 50 | .998735 | 2.12] .535009 | 3161 
51 | 9.991195 | 2.15 | 11.688649 | 5649 || 51 | 9.998862 | 2.10 | 12.580893 | 3287 
52 | .991324 | 2.15 | 695117 | 5777-|| 52 | .998088 | 2.12] .632172 | 8414 
53 | .991453 | 2.15 | 701679 | 5905 || 53 | .999115 | 2.10 690291 | 3540 
54] .991582 | 2.13 | 708338 | 6033 || 54] .999241 | 2.12 757364 | 3667 
55 | .991710 | 2.15 | .715097 | 6161 || 55 | .999368 | 2.10 | 836672 | 3793 
56 | .991839 | 2.15 | .721958 | 6289 || 56 | .999494 | 2.12 | 12.933708 | 3920 
57 | .991968 | 2.13 | .728925 | 6417 || 57 | .999621 | 2.10 | 138.058774 | 4046 
58 | .992096 | 2.15 |  .736002 | 6545 || 58 | .999747 | 2.12 | .284991 | 4172 
59 | .992225 | 2.15 |  .743192 | 6673 || 59 | 999874 | 2.10] _ .5386148 | 4299 
60 | 9.992854 | 2.18 | 11.750498 | 6801 || 60 10.000000 | 2.10 | Inf. pos. | 4426 
i 15.30*! 15.31* 
A 

t 





198 TABLE XXVII,—NATURAL SINES AND COSINES 


























0° 1° 
Sine Cosine Sine | Cosine 

“0 |0.0000000]1. 0000000 0.0174524|0.9998477 

1 .0002909}1.0000000}| .0177432| .9998426 

2 | .0005818}. .9999998]| .0180341} .9998374 

3} .0008727| .9999996/| .0183249| .9998321 

4 | .0011636] .9999993]| .0186158| .9998267 

& | .0014544| .9999989]|| .0189066| .9998213 

6 0017453} .9999985]| .0191974| .9998157 

7 | -0020362} .9999979]| .0194883| .9998101 

8 0023271} .9999973 .0197791| .9998044 

9 | .0026180] .9999966)| .0200699| .9997986 
10 |0.0029089|0 9999958 ||0.0203608|0.9997927 
11 | .0031998] .9999949|| .0206516| .9997867 
12 | .0034907] .9999939]| .0209424] .9997807 
13 | .0037815| .9999928]| .0212332| .9997745 
14 .0040724] .9999917 .0215241] .9997683 
15 .0043633| .9999905 .0218149| .9997620 
16 } .0046542] .9999892|| .0221057| .9997556 
17 | .0049451| .9999878]] .0223965] .9997492 
18 .0052360| .9999863 0226873] .9997426 
19 | .0055268) .9999847|| .0229781] .9997360 
20 10.0058177|0 .9999831 ||0.0232690|0.9997292 
21 | .0061086] .9999813]! .0235598] .9997224 
22 | .0063995! .9999795{{ .0238506| .9997155 
23 | .0066904| .9999776]! .0241414| .9997086 
24 | .0069813} .9999756]| .0244322] .9997015 
25 | .0072721] .9999736]] .0247230] .9996943 
26 | .0075630] .9999714]]} .0250138| .9996871 
27 -0078539| .9999692]| .0253046] .9996798 
28 |. .0081448] .9999668]| .0255954] .9996724 
29 .0084357| .9999644|| .0258862] .9996649 
30 |0.0087265|0.9999619||0.0261769 |0.9996573 
31} .0090174| .9999593]|| .0264677| .9996497 
32 - 0093083] .9999567 .0267585] .9996419 
33 | .0095992} .9999539|| .0270493| .9996341 
34 | .0098900} .9999511]|| .0273401| |9996262 
35} .0101809| .9999482]| .0276309] .9996182 
36 | .0104718| .9999452|| .0279216| .9996101 
37 | .0107627| .9999421|| .0282124] .9996020 
38 | .0110535] .9999389]} .0285032] .9995937 
39 | .0113444! .9999357]| .0287940] .9995854 
40 |0.0116253|0.9999323]!0.029084710.9995770 
41 | .6119261] .9999289]! .0293755] .9995684 
42 .0122170| .9999254 .0296662] .9995599 
43 -0125079} .9999218}| .0299570] .9995512 
44 | .0127987| .9999181]! .0302478] .9995424 
45 | .0130896} .9999143]| .0305385| .9995336 
46 | .0133805] .9999105]| .0308293] .9995247 
47 | .0136713] .9999065|| .0311200] .9995157 
48 -0139622] .9999025|| .0314108] .9995066 
49 | .0142530] .9998984|| 0317015] .9994974 
50 |0.0145439/0.9998942]|0.0319922/0.9994881 
51 | .0148348] .9998900]! .0322830] .9994788 
52 | .0151256] .9998856]] .0325737| .9994603 
53 | .0154165} .9998812]|| .0328644| .9994598 
54 | .0157073] .9998766|| .0331552| .9994502 
55 | .0159982) .9998720]| .0334459| .9994405 
56 -0162890| .99986731| .0337366 . 9994308 
57 | .0165799| .9998625]|| .0340274| .9994209 
58 | .0168707| .9998577]} .0343181] .9994110 
59 | .0171616| .9998527]| .0346088] .9994009 
60 |0.0174524]0.9998477 ||0.0348995|0.9993908 

Cosine Sine Cosine Sine 
89° 88° 


Fn NT Fe 























2 ° 
Sine Cosine 
0.0348995/0.99938908 
-0351902|] .9993806 
-0354809| .9993704 
0357716] .9993600 
-0360623| .9993495 
- 0363530} .9993390 
- 0366437}. .9993284 
-0369344} .9993177 
-0372251| .9993069 
-0375158} .9992960 
0.0378065/0.9992851 
.0380971| .9992740 
-0383878] .9992629 
0386785 .9992517 
.0389692} .9992404 
0392598} .9992290 
-0395505} .9992176 
.0398411} .9992060 
-0401318} .9991944 
0404224} .9991827 
te 
0410037] .9991590 
.0412944] .9991470 
-0415850}] .9991350 
-0418757] .9991228 
-0421663] .9991106 
-0424569| .9990983 
-0427475| .9990859 
-0430382| .9990734 
- 0433288) .9990609 
0.0436194/0.9990482 
-0439100} .9990355 
.0442006] .9990227 
0444912) .9990098 
-0447818]| .9989968 
.0450724) .99898387 
-0453630| .9989706 
-0456536| .9989573 
0459442] .9989440 
.0462347| .9989306 
0.0465253 |0.9989171 
. 0468159} .9989035 
-0471065| .9988899 
.0473970| .9988761 
.0476876] .9988623 
-0479781]| .9988484 
- 0482687) .9988344 
-0485592| .9988203 
. 0488498] .9988061 
-0491403] .9987919 
0.049430810.9987775 
.0497214| .9987631 
-0500119} .9987486 
-0503024} .9987340 
-0505929]| .9987194 
0508835} .9987046 
-0511740}. .9986898 
-0514645! .9986748 
-0517550 igngieee 
- 0520455 86447 


0.0523360 0. pee 
Cosine Sine 


87° 














See ema 


~ 
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ODIHMAMmEONMS| 


10 





38 
Sine Cosine 

0.0523360/0.9986295 
. 0526264] .9986143 
.0529169} .9985989 
.05382074| .9985835 
.0584979| .9985680 
.0537883] .9985524 
.0540788| .9985367 
.0543693| .9985209 
.0546597| .9985050 
.0549502| .9984891 
0.0552406/0.9984731 
.0555311] .9984570 
.0558215] .9984408 
.0561119| .9984245 
.0564024| .9984081 
0566928] .9983917 
.0569832| .9983751 
.0572736| .9983585 
.0575640| .9983418 
0578544] .9983250 
0.0581448|0.9983982 
0584352] .9982912 
.0587256| .9982742 
.0590160| .9982570 
-0593064} .9982398 
.0595967} .9982225 
.0598871| .9982052 
.0601775| .9981877 
.0604678] .9981701 
.0607582| .9981525 
10 .0610485]0.9981348 
.0613389} .9981170 
.0616292| .9980991 
.0619196| .9980811 
0622099} .9980631 
.0625002} .9980450 
.0627905| .9980267 
.0630808] .9980084 
.0633711} .9979900 
.0636614} .9979716 
0.0639517 |0.9979530 
.0642420] .9979343 
.0645323| .9979156 
.0648226} .9978968 
.0651129} .9978779 
.0654031} .9978589 
.0656934] .9978399 
.0659836] .9978207 
.0662739| .9978015 
.0665641} .9977821 
0.0668544|0.9977627 
-0671446]|  .9977433 
.0674349| .9977237 
.0677251| .9977040 
.0680153| .9976843 
.0683055| .9976645 
.0685957| .9976445 
.0688859| .9976245 
.0691761| .9976045 
.0694663| .9975843 
60_ 0.0697565|0.9975641 

Cosine Sine 

88° 

















4° 
Sine Cosine 
0.0697565/0.9975641 
.0700467| .9975437 
.0703368| .9975233 
.0706270] .9975028 
0709171} .9974822 
-0712073| .9974615 
.0714974| .9974408 
.0717876} .9974199 
.0720777| .9973990 
.0723678] .9973780 
0.0726580]0.9973569 
.0729481} .9973357 
.0732382| .9973145 
. 0735283] .9972931 
.0738184; .9972717 
.0741085| .9972502 
. 0743986 | .9972286 
.0746887| .9972069 
.0749787| .9971851 
.0752688| .9971633 
0.0755589 |0.9971413 
.0758489] .9971193 
.0761390} .9970972 
0764290} .9970750 
.0767190] .9970528 
.0770091} .9970304 
.0772991]| .9970080 
.0775891] .9969854 
.0778791] .9969628 
-0781691| .9969401 
0.0784591|0.9969173 
.0787491| .9968945 
.0790391] .9968715 
.0793290] .9968485 
.0796190} .9968254 
.0799090| .9968022 
.0801989| .9967789 
.0804889] .9967555 
.0807788| .9967321 
.0810687] .9967085 
0.0813587 |0.9966849 
.0816486} .9966612 
.0819385| .9966374 
.0822284| .9966135 
.0825183| .9965895 
.0828082] .9965655 
.0830981} .9965414 
.0833880| .9965172 
.0836778] .9964929 
. 0839677] .9964685 
9.0842576|0.9964440 
.0845474| .9964195 
. 0848373] .9963948 
.0851271| .9963701 
.0854169| .9963453 
.0857067| .9963204 
.0859966| .9962954 
.0862864| .9962704 
.0865762| .9962452 
.0868660| .9962200 
0.0871557 |0.9961947 
Cosine Sine 
$5° 








5 ° 
Sine Cosine 
0.0871557 |0.9961947 
.0874455|. .9961693 
.0877353| .99614388 
-0880251| .9961183: 
.0883148] .9960926 
.0886046| .9960669 
- 0888943] .9960411 
-0891840] .9960152 
-0894738| .9959892 
-0897635| .9959631 
0.0900532 |0.9959370 
.0903429 | .9959107 
.0906326| .9958844 
.0909223 9958580 
.0912119|  .9958315 
.0915016| .9958049 
.0917913] .9957783 
.0920809| .9957515 
.0923706| .9957247 
.0926602| .9956978 
0.0929499 |0 .9956708 
.0932395]| .9956437 
.0935291] .9956165 
.0938187| .9955893 
.0941083] .9955620 
.0943979| .9955345 
-0946875| .9955070 
.0949771| .9954795 
.0952666| .9954518 
.0955562| .9954240 
6.0958458 |0 .9953962 
.0961353| .9953683 
.0964248] .9953403 
-0967144| .9953122 
.0970039| .9952840 
.0972934| .9952557 
.0975829| .9952274 
.0978724| .9951990 
.0981619) .9951705 
.0984514] .9951419 
0.0987408]0.9951132 
.0990303] .9950844 
.0993197| .9950556 
.0996092| .9950266 
.0998986| .9949976 
-1001881| .9949685 
.1004775| .9949393 
.1007669| .9949101 
. 1010563] .9948807 
. 1013457} .9948513 
0.1016351/0.9948217 
.1019245] .9947921 
, 1022138] .9947625 
. 1025032] .9947327 
. 1027925] .9947028 
. 1030819} .9946729 
. 1033712} .9946428 
. 1036605} .9946127 
. 1039499} .9945825 
. 1042392] .9945523 
0.1045285/0 .9945219 
Cosine Sine 
QA? 


lSasuawaxan 
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° 
, 6 
Sine Cosine 

“0 |0. 1045285/0. 9945219 

1 | .1048178] .9944914 

2 | .1051070] .9944609 
3 | .1053963] .9944303 
4 | .1056856] .9943996 

5 | .1059748] .9943688 

6 | .1062641] .9943379 
7 | .1065533] .9943070 

8 | .1068425| .9942760 
9 | .1071318] .9942448 
10 |0.1074210]0.9942136 
il | .1077102] .9941823 
12 | .1079994] .9941510 
13 | .1082885] .9941195 
14 | .1085777| .9940880 
15 | .1088669| .9940563 
16 | .1091560] .9940246 
17 | .1094452| .9939928 
18 | .1097343] .9939610 
19 | .1100234] .9939290 
20 |0.1103126/0.9938969 
21 | .1106017| .9938648 
22 | .1108908] .9938326 
23 | .1111799] .9938003 
24 | .1114689] .9937679 
25 | .1117580| .9937355 
26 | .1120471| .9937029 
27 | .1123361] .9936703 
28 | .1126252| .9936375 
29 | .1129142] .9936047 
30 |0.1132032]0.9935719 
31 | .1134922] .9935389 
32 | .1137812] 9935058 
33 | .1140702| .9934727 
34 | 1143592] .9934395 
35 | .1146482] .9934062 
36 | .1149372] .9933728 
37 | .1152261| .9933393 
38 | .1155151| .9933057 
39 | .1158040| .9932721 
40 |0.1160929]0.9932384 
41 | .1163818] .9932045 
42 { .1166707| .9931706 
43 | .1169596| .9931367 
44 | .1172485] .9931026 
45 | .1175374] .9930685 
46 | .1178263| .9930342 
47 | .1181151] .9929999 
48 | .1184040] .9929655 
49 | .1186928] .9929310 
50 |0.1189816|0.9928965 
51 | .1192704| .9928618 
52 | .1195593| .9928271 
53 | .1198481| .9927922 
54 | .1201368] .9927573 
55 | .1204256| .9927224 
56 | .1207144] .9926873 
57 | .1210031] .9926521 
58 | .1212919] .9926169 
59 | .1215806| .9925816 
60 ]0.1218693|0.9925462 

Cosine Sine 
/ 
83° 














if ° 
Sine Cosine 
0.1218693/0.9925462 
1221581] .9925107 
1224468] .9924751 
122735. 9924394 
1230241] .9924037 
1233128] .9923679 
1236015} .9923319 
1238901] .9922959 
1241788] .9922599 
1244674] .9922237 
0.1247560/0.9921874 
1250446] .9921511 
1253332] .9921147 
1256218] .9920782 
1259104] .9920416 
1261990} .9920049 
1264875}| .9919682 
1267761} .9919314 
1270646] .9918944 
1273531] .9918574 
0.1276416|0.9918204 
1279302] .9917832 
1282186| .9917459 
1285071] .9917086 
1287956| .9916712 
1290841] .9916337 
1293725] .9915961 
1296609] .9915584 
1299494| .9915206 
1302378] .9914828 
0.1305262|0.9914449 
1308146] .9914069 
1311030} .9913688 
1313913] .9913306 
1316797| .9912923 
1319681] .9912540 
1322564] .9912155 
1325447] .9911770 
1328330] .9911384 
1331213] .9910997 
0.1334096 |0.9910610 
1336979] .9910221 
1339862] .9909832 
1342744] .9909442 
1345627| .9909051 
1348509] .9908659 
1351392] .9908266 
1354274] .9907873 
1357156] .9907478 
1360038] .9907083 
0.1362919 |0.9906687 
- 1365801] .9906290 
- 1368683] .9905893 
- 13871564] .9905494 
-1374445| .9905095 
. 1377327] .9904694 
- 1380208] .9904293 
- 1383089] .9903891 
- 1385970] .9903489 
- 1388850} .9903085 


0. 1391731 0.9902681 
Sine 


























8 ° 
Sine Cosine 

0.1391731|0.9902681 
. 1394612] .9902275 
- 1397492| .9901869 
- 1400372] .9901462 
- 1403252); .9901055 
. 1406132] .9900646 
. 1409012] .9900237 
- 1411892] .9899826 
. 1414772] .9899415 
- 1417651] .9899003 
0.1420531|0.9898590 
. 1423410] .9898177 
- 1426289] .9897762 
. 1429168] .9897347 
- 1432047] .9896931 
- 1434926] .9896514 
- 1437805] .9896096 
- 1440684] .9895677 
- 1443562] .9895258 
- 1446440] .9894838 
0.144931910.9894416 
. 1452197] .9893994 
- 1455075} .9893572 
- 1457953] .9893148 
- 1460830] .9892723 
. 1463708} .9892298 
- 1466585] .9891872 
- 1469463] .9891445 
- 1472340| .9891017 
- 1475217] .9890588 
0.1478094/0.9890159 
- 1480971] .9889728 
- 1483848] .9889297 
- 1486724] .9888865 
- 1489601} .9888432 
. 1492477] .9887998 
- 1495353] .9887564 
- 1498230] .9887128 
-1501106| .9886692 
- 1503981] .9886255 
0. 1506857 |0.9885817 
- 1509733}, .9885378 
- 1512608} .9884939 
-1515484| ,9884498 
- 1518359] .9884057 
- 1521234] .9883615 
- 1524109] .9883172 
- 1526984] .9882728 
-1529858| .9882284 
- 1532733] .9881838 
0.1535607 |0.9881392 
. 1538482] .9880945 
- 1541356] .9880497 
. 1544230] .9880048 
- 1547104] .9879599 
. 1549978] .9879148 
- 1552851] .9878697 
-1555725| .9878245 
. 1558598 ee 
- 1561472] .9877338 


0.1564345|0 9876883 
Cosine Sine 


81° 


eeeeseese 
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9° 


Sine 


. 1567218 
. 1570091 
- 1572963 
- 1575836 
- 1578708 
. 1581581 
- 1584453 
- 1587325 
- 1590197 


OHIO MMO HS| ~ 


11 | .1595940 
12 | .1598812 
13 | .1601683 
14 | .1604555 
15 | .1607426 
16 | .1610297 
17°} .1613167 
18 | .1616038 
19 | .1618909 





21 | .1624650 
22 | .1627520 
23 | .1630390 
24 | .1633260 
25 | .1636129 
26 | .1638999 
27 | .1641868 
28 | .1644738 
29 | .1647607 
30 |0.1650476)0. 


31 | .1653345 
32 | .1656214 
33 | .1659082 
34 | .1661951 
35 | .1664819 
36 | .1667687 
37 | .1670556 
38 | .1673423 
39 ; .1676291 





41 | .1682026 
42 | .1684894 
43 | .1687761 
44 | .1690628 
45 | .1693495 
‘46 | .1696362 
47 | .1699228 
‘48 | .1702095 
‘49 | .1704961 
50 |0.1707828)0. 


51 | .1710694 
‘52 | |1713560 
‘53 . 1716425 
54 | (1719291 
55 | .1722156 





'56 . 1725022 
57 . 1727887 
58 | |1730752 
‘59 . 1733617 
60 |0.1736482)0. 
Cosine 
80° 





Cosine 


0. 1564345/0.9876883 
- 9876428 
- 9875972 
- 9875514 
- 9875057 
- 9874598 
- 9874138 
- 9873678 
- 9873216 
- 9872754 
10 |0.1593069)0. 


9872291 


. 9871827 
- 9871363 
- 9870897 
- 9870431 
- 9869964 
- 9869496 
- 9869027 
. 9868557 
- 9868087 
20 |0.1621779)0. 


. 9867143 
- 9866670 
- 9866196 
- 9865722 
- 9865246 
- 9864770 
- 9864293 
- 9863815 


9867615 


- 9863336 
9862856 


. 9862375 
- 9861894 
- 9861412 
- 9860929 
- 9860445 
- 9859960 
- 9859475 
- 9858988 
- 9858501 
40 |0.1679159)0. 


. 9857524 
- 9857035 
- 9856544 
- 9856053 
- 9855561 
- 9855068 
- 9854574 
. 9854079 


9858013 


. 9853583 
9853087 


- 9852590 
- 9852092 
- 9851593 
. 9851093 
- 9850593 
. 9850091 
- 9849589 
. 9849086 


. 9848582 


9848078 


Sine 
































10° 
__Sine__| Cosine 
0.1736482|0.9848078 
. 1739346} .9847572 
. 1742211}. .9847066 
.1745075| .9846558 
. 1747939} .9846050 
. 1750803] .9845542 
.1753667| .9845032 
.1756531| .9844521 
. 1759395! .9844010 
. 1762258] .9843498 
0.1765121|0.9842985 
. 1767984} .9842471 
.1770847| .9841956 
.1773710| .9841441 
.1776573| .9840924 
.1779435| .9840407 
. 1782298] .9839889 
. 1785160] .9839370 
.1788022] .9838850 
. 1790884] .9838330 
0.1793746|0.9837808 
.1796607| .9837286 
. 1799469] .9836763 
. 1802330] .9836239 
. 1805191] .9835715 
. 1808052] .9835189 
1810913] .9834663 
.1813774| .9834136 
. 1816635] .9833608 
. 1819495] .9833079 
0. 18223855 |0.9832549 
. 1825215} .9832019 
. 1828075} .9831487 
. 1830935} .9830955 
.1833795| .9830422 
. 1836654} .9829888 
. 1839514] .9829353 
. 1842373] .9828818 
. 1845232] .9828282 
. 1848091] .9827744 
0. 1850949 10.9827206 
. 1853808] .9826668 
. 1856666] .9826128 
.1859524| .9825587 
. 1862382] .9825046 
. 1865240] .9824504 
. 1868098] .9823961 
.1870956| .9823417 
. 1873813] .9822873 
.1876670| .9822327 
0.1879528|0.9821781 
. 1882385] .9821234 
. 1885241] .9820686 
. 1888098] .9820137 
.1890954| .9819587 
. 1893811] .9819037 
. 1896667} .9818485 
.1899523| .9817933 
.1902379| .9817380 
.1905234| .9816826 
0.1908090|0 .9816272 
Cosine Sine 
79° 





TE : 

Sine Cosine |__ 
0.1908090| u.9816272] 60 
.1910945] .9815716} 59 
.1913801] .9815160} 58 
.1916656| .9814603] 57 
.1919510] .9814045} 56 
. 1922365] .9813486] 55 
. 1925220] .9812927| 54 
. 1928074] .9812366| 53 
. 1930928} .9811805} 52 
. 1933782] .9811243} 51 
0.1936636|0.9810680} 50 
. 1939490} .9810116| 49 
. 1942344] .98C9552| 48 
.1945197| .9808986| 47 
. 1948050} .9808420| 46 
. 1950903] .9807853| 45 
.1953756| .9807285| 44 
. 1956609} .9806716| 43 
.1959461| .9806147| 42 
. 1962314] .9805576| 41 
0.1965166|0.9805005| 40 
.1968018] .9804433] 39 
.1970870| .9803860] 38 
.1973722| .9803286] 37 
.1976573| .9802712] 36 
.1979425| .9802136] 35 
.1982276| .9801560] 34 
.1985127| .9800983] 33 
. 1987978] .9800405| 32 
. 1990829] .9799827| 31 
0.1993679 |0.9799247| 30 
.1996530| .9798667] 29 
.1999380| .9798086] 28 
.2002230| .9797504] 27 
.2005080| .9796921| 26 
.2007930| .9796337| 25 
.2010779| .9795752| 24 
. 2013629] .9795167| 23 
. 2016478] .9794581| 22 
.2019327| .9793994| 21 
0. 2022176 |0.9793406| 20 
.2025024] .9792818} 19 
. 2027873] .9792228] 18 
. 2030721] .9791638] 17 
.2033569| .9791047] 16 
. 2036418] .9790455] 15 
.2039265| .9789862] 14 
. 2042113] .9789268] 13 
. 2044961} .9788674| 12 
. 2047808] .9788079] 11 
0.2050655|0.9787483] 10 
-2053502| .9786886] 9 
. 2056349] .9786288] 8 
.2059195| .9785689| 7 
2062042] .9785090| 6 
. 2064888] .9784490| 5 
. 2067734] .9783889| 4 
.2070580| .9783287} 3 
.2073426| .9782684| 2 
.2076272| .9782080} 1 
0.2079117|0.9781476] 0 
Cosine Sine ‘ 

78° 
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12° 13° 14° 
Sine Cosine Sine Cosine Sine Cosine 


. 2079117 |0.9781476]] 0. 2249511)0.9743701]/0.2419219|0.9702957| 60 
Ms 3081962 .9780871]| .2252345| .9743046]| .2422041| .9702253) 59 
. 2084807] .9780265|| .2255179| .9742390]| . 2424863], .9701548) 58 
. 2087652] .9779658]| .2258013] .9741734)| .2427685) .9700842) 57 
. 2090497] .9779050]| .2260846] .9741077|| .2430507| .9700136] 56 
. 2093341] .9778442|| .2263680] .9740419]| .2433329| .9699428) 55 
. 2096186] .9777832}| .2266513| .9739760|| .2436150} .9698720) 54 
. 2099030] .9777222]| .2269346] .9739100]| .2438971] .9698011] 53 
. 2101874] .9776611]| .2272179| .97384389|| .2441792|] .9697301) 52 
. 2104718] .9775999|| .2275012| .9737778]| .2444613| .9696591) 51 
10 |0.2107561)0. 9775387 || 0.2277844|0.9737116]/0.2447433/0.9695879| 50 


11 | .2110405| .9774773|| .2280677| .9736453]| .2450254| .9695167| 49 
12 2113248] .9774159|| .2283509| .9735789]| .2453074| .9694453] 48 
13 | .2116091| .9773544|| .2286341| .9735124]| .2455894] .9693740] 47 
14 | .2118934| .9772928]| .2289172| .9734459|| .2458713] .9693025] 46 
15 | .2121777| .9772311|| .2292004| .9733793]| .2461533] .9692309| 45 
16 | .2124619] .9771693]} .2294835| .9733125|| .2464352| .9691593] 44 
17 | .2127462| .9771075|| .2297666| .9732458]| .2467171| .9690875] 43 
18 | .2130304| .9770456|| .2300497| .9731789|| .2469990| .9690157| 42 
19 | .2133146| .9769836]| .2303328] .9731119|| .2472809] .9689438] 41 
20. |0.2135988/0.9769215]| 0.2306159|0.9730449||0.2475627|0.9688719] 40 


21 | .2138829| .9768593|| .2308989| .9729777|| .2478445] .9687998] 39 
22 | .2141671] .9767970]| .2311819] .9729105]|| .2481263] .9687277| 38 
23 | .2144512) .9767347|| .2314649) .9728432]} .2484081] .9686555| 37 
24°) .2147353| .9766723|| .2317479| .9727759|| .2486899| .9685832| 36 
25.| .2150194] .9766098]| .2320309| .9727084|| .2489716] .9685108] 35 
26 | .2153035| .9765472]| .2323138] .9726409|| .2492533] .9684383] 34 
27 | .2155876| .9764845|| .2325967| .9725733]|| .2495350] .9683658]| 33 
28° | .2158716] .9764218|| .2328796| .9725056|| .2498167| .9682931] 32 
29 | .2161556| .9763589|| .2331625| .9724378|| .2500984| .9682204| 31 
30 |0.2164396 |0.9762960]|0.2334454|0.9723699||0.2503800|0.9681476| 30 


31 | .2167236| .9762330]| .2337282| .9723020]] .2506616| .9680748]| 29 
32 | .2170076| .9761699|| .2340110] .9722339|] .2509432] .9680018| 28 
33 | .2172915| .9761068|| .2342938] .9721658]|| .2512248| .9679288]| 27 
34 | .2175754| .9760435|| .2345766| .9720976|| .2515063] .9678557| 26 
35 | .2178593| .9759802|| .2348594| .9720294|| .2517879] .9677825| 25 
36 | .2181432] .9759168]| .2351421] .9719610]| .2520694| .9677092| 24 
37 | .2184271] .9758533]| .2354248| .9718926|| .2523508| .9676358) 23 
38 | .2187110] .9757897|| .2357075| .9718240|] .2526323| .9675624| 22 
39 | .2189948| .9757260]| .2359902| .9717554|| .2529137| .9674888| 21 
40 |0.2192786|0.9756623]| 0. 2362729 |0.9716867 ||0.2531952|0.9674152| 20 


41 | .2195624| .9755985]| .2365555| .9716180]| .2534766| .9673415] 19 
42 | .2198462| .9755345|| . 2368381] .9715491|| .2537579] .9672678] 18 
43) .2201300| .9754706]| .2371207| .9714802|| .2540393] .9671939] 17 
44 | .2204187) .9754065|| .2374033] .9714112]|} .2543206] .9671200| 16 
45 | .2206974| .9753423]| .2376859| .9713421|| .2546019| .9670459] 15 
46 | .2209811| .9752781]| .2379684| .9712729|| .2548832] .9669718] 14 
47 | .2212648] .9752138]| .2382510] .9712036|| .2551645| .9668977| 13 
48 | .2215485| .9751494|| .2385335] .9711343]| 12554458] .9668234| 12 
49 | .2218321| .9750849)| .2388159| .9710649|| .2557270] .9667490| 11 
50 /0.2221158/0.9750203/]0.2390984|0.9709953||0. 256008210. 9666746] 10 
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51 . 2223994] .9749556)| .2393808] .9709258]] .2562894 -9666001} 9 
52 . 2226830] .9748909]| .2396633] .9708561]|] .2565705 -9665255] 8 
53 . 2229666] .9748261]| .2399457| .9707863|| .2568517 .9664508| 7 
54 . 2232501] .9747612|| .2402280] .9707165|| .2571328 .9663761] 6 
55 . 2235337] .9746962|| .2405104| .9706466|| .2574139 -9663012| 5 
56 .2238172| .9746311}| .2407927| .9705766|| .2576950] . 9662263] 4 
57 . 2241007] .9745660]| .2410751| .9705065|| .2579760 -9661513| 3 
58 . 2243842! .9745008|| .2413574] .9704363|| .2582570|... 9660762] 2 
59 . 2246676] .9744355]| .2416396] .9703661|| .2585381 -9660011] 1 
60 |0.2249511/0.9743701]|0.2419219]0.9702957||0. 2588190 0.9659258) 0 

Cosine Sine Cosine Sine Cosine Sine ies 

————— ee eS eS REESE Repeal ta 
1K AS 76° 75° 
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, 16° 
Sine Cosine 
0 |0.2588190/0.9659258 
1 .2591000] .9658505 
2 | .2593810| .9657751 
3 . 2596619} .9656996 
4 | .2599428] .9656240 
5 | .2602237| .9655484 
6 | .2605045| .9654726 
7 | .2607853] .9653968 
8 | .2610662] .9653209 
9 - 2613469] .9652449 
10 |0.2616277|0.9651689 
11 . 2619085] .9650927 
12 | .2621892] .9650165 
13 | .2624699| .9649402 
14 | .2627506| .9648638 
15 | .2630312] .9647873 
16 | .2633118] .9647108 
17 | .2635925| .9646341 
18 | .2638730| .9645574 
19 | .2641536]. .9644806 
20 |0.2644342/0.9644037 
21 | .2647147| .9643268 
22 | .2649952| .9642497 
23 | .2652757| .9641726 
24 | .2655561]| .9640954 
25 | .2658366| .9640181 
26 | .2661170| .9639407 
27 | .2663973| .9638633 
28 | .2666777| .9637858 
29 | .2669581| .9637081 
30 |0.2672884/0.9636305 
31 | .2675187| .9635527 
32 . 2677989] .9634748 
33 | .2680792| .9633969 
34 | .2683594] .9633189 
35 | .2686396]} .9632408 
36 | .2689198] .9631626 
87 | .2692000] .9630843 
38 | .2694801| .9630060 
39 . 2697602] .9629275 
40 |0.2700403|0.9628490 
41 . 2703204] .9627704 
42 | .2706004| .9626917 
43 | .2708805| .9626130 
44 | .2711605| .9625342 
A5 | .2714404| .9624552 
46 | .2717204| .9623762 
47 | .2720003)|. .9622972 


.2722802| .9622180 
. 2725601] .9621387 
0.2728400|0.9620594 





51 | .2731198] .9619800 
52 | .2733997| .9619005 
53 | .2736794! .9618210 
54 | .2739592| .9617413 
55 | .2742390] .9616616 
56 | .2745187] .9615818 
57 | .2747984| .9615019 
58 | .2750781| .9614219 





- 2753577) .9613418 
60 |0.2756374/0.9612617 


Cosine Sine 


74° 




















16° 
Sine Cosine 
0.2756374/0.9612617 
.2759170|] .9611815 
.2761965! .9611012 
2764761] .9610208 
. 2767556] .9609403 
+2770352! .9608598 
.2773147| .9607792 
. 2775941} .9606984 
. 2778736| .9606177 
. 2781530] .9605368 
0.2784324/0.9604558 
- 2787118} .9603748 
- 2789911} .9602937 
. 2792704) .9602125 
. 2795497! .9601312 
. 2798290] .9600499 
. 2801083] .9599684 
. 2803875] .9598869 
- 2806667} .9598053 
.2809459| .9597236 
0.2812251|0.9596418 
- 2815042] .9595600 
.2817833| .9594781 
- 2820624! .9593961 
. 2823415] .9593140 
. 2826205] .9592318 
. 2828995} .9591496 
. 2831785] .9590672 
. 2834575] .9589848 
. 2837364| .9589023 
0.2840153/0.9588197 
. 2842942! .9587371 
. 2845731] .9586543 
. 2848520] .9585715 
.2851308| .9584886 
. 2854096] .9584056 
-2856884| .9583226 
. 2859671] .9582394 
. 2862458] .9581562 
. 2865246] .9580729 
0.:2863032]0.9579895 
. 2870819]. .9579060 
. 2873605] .9578225 
.2876391| .9577389 
2879177) .9576552 
. 2881963] .9575714 
2884748] .9574875 
. 2887533] .9574035 
. 2890318] .9573195 
. 2893103] .9572354 
0. 2895887 |0.9571512 
. 2898671] .9570669 
-2901455] .9569825 
- 2904239) .9568981 
.2907022| .9568136 
2909805] .9567290 
. 2912588] .9566443 
2915371) .9565595 
2918153) .9564747 
. 2920935) .9563898 
0. 2923717|0.9563048 
Cosine Sine 
73° 




















17° 
Sine Cosine 
0. 2923717 |0.9563048 
. 2926499] .9562197 
. 2929280] .9561345 
. 2932061 9560492 
. 2934842 9559639 
. 2937623] .9558785 
. 2940403] .9557930 
. 2943183 9557074 
. 2945963 9556218 
. 2948743] .9555361 
0. 2951522 |0.9554502 
. 2954302] .9553643 
+ 2957081 9552784 
-2959859| .9551923 
. 2962638] .9551062 
.2965416| .9550199 
. 2968194] .9549336 
.2970971 9548473 
.2973749| .9547608 
.2976526| .9546743 
0. 2979303)0.9545876 
. 2982079} .9545009 
. 2984856 9544141 
. 2987632 9543273 
.2990408| .9542403 
2993184] .9541533 
.2995959| .9540662 
.2998734| .9539790 
-3001509] .9538917 
. 38004284] .9538044 
0.3007058/0.9537170 
.3009832| .9536294 
.3012606} .9535418 
.3015380] .9534542 
.3018153] .9533664 
- 3020926] .9532786 
.3023699| .9531907 
. 3026471] .9531027 
. 3029244] .9530146 
. 3032016] .9529264 
0.3034788|0.9528382 
8037559] .9527499 
.3040331] .9526615 
.3043102| .9525730 
.38045872] .9524844 
3048643] .9523958 
3051413] .9523071 
3054183] .9522183 
3056953| .9521294 
3059723| .9520404 
0.3062492/0.9519514 
3065261] .9518623 
3068030] .9517731 
3070798] .9516838 
3073566) .9515944 
8076334} .9515050 
8079102] .9514154 
3081869| .9513258 
. 8084636] .9512361 
. 3087403] .9511464 
0.3090170/0.9510565 
Cosine Sine 
72° 








. 
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; 18° 
Sine Cosine 
0 /0.3090170/0.9510565 
1 | .3092936] .9509666 
2 | .3095702| .9508766 
3 | .3098468] .9507865 
4 | .3101234] .9506963 
5 | .3103999] .9506061 
6 | .3106764] .9505157 
7 | .3109529| .9504253 
8 | .3112294] .9503348 
9 | .3115058} .9502443 
10 |0.3117822)0.9501536 
11 - 3120586] .9500629 
12 | .3123349] .9499721 
13 | .3126112|] .9498812 
14 .3128875| .9497902 
15 | .3131638] .9496991 
16 | .3134400] .9496080 
17 | .3137163) .9495168 
18 | .3139925]| .9494255 
19 .3142686| .9493341 
20 |0.3145448/0.9492426 
21 | .3148209] .9491511 
22 | .3150969] .9490595 
23 | .3153730] .9489678 
24 | .3156490] .9488760 
25 | .3159250} .9487842 
26 | .3162010] .9486922 
27 .3164770| .9486002 
28 | .3167529| .9485081 
29 | .3170288] .9484159 
30 |0.3173047/0. 9483237 
31 | .3175805| .9482313 
32 | .3178563] .9481389 
33 | .3181321} .9480464 
34 | .3184079| .9479538 
35 | .3186836] .9478612 
36 | .3189593| .9477684 
37 .3192350| .9476756 
38 | .3195106| .9475827 
39 | .3197863| .9474897 
40 |0.3200619|0.9473966 
41 | .3203374| .9473035 
42 | .3206130| .9472103 
43 | .3208885| .9471170 
44 | .3211640| .9470236 
45 | .3214395] .9469301 
46 | .3217149| .9468366 
47 - 3219903] .9467430 
48 | .3222657| .9466493 
49 | .3225411] .9465555 
50 |0.3228164|0.9464616 
51 | .3230917| .9463677 
52 | .3233670| .9462736 
53 | .3236422| .9461795 
54 | .3239174| .9460854 
55 | .3241926| .9459911 
56 | .3244678| .9458968 
57 | .3247429| .9458023 
58 | .3250180| .9457078 
59 | .3252931] .9456132 
60 |0.325568210.9455186 
Cosine Sine 
71° 





























~ 


19° 20° 
Sine Cosine Sine Cosine 
0.3255682/0.9455186 || 0.3420201/0.9396926 
. 38258432] .9454238]| .3422935| .9395931 
. 3261182] .9453290]| .3425668] .9394935 
. 3263932] .9452341]| .3428400| .9393938 
. 3266681] .9451391]| .3431133} .9392940 
. 3269430] .9450441]! .3433865] .9391942 
. 38272179] .9449489]| .3436597] .9390943 
. 3274928] .9448537]| .3439329| .9389942 
.3277676| .9447584]! .3442060] .9388942 
.3280424| .9446630|| .3444791] .9387940 
0.3283172)|0.9445675]|0.344752110.9386938 
.3285919| .9444720]| .3450252] .9385934 
. 3288666] .9443764]| 23452982] .9384930 
. 3291413] .9442807|| .3455712] .9383925 
-3294160| .9441849]|| .3458441] .9382920 
. 3296906] .9440890|| .3461171] .9381913 
- 3299653] .9439931]| .3463900] :9380906 
. 3302398] .9438971]| .3466628] .9379898 
. 3305144] .9438010|| .3469357| .9378889 
. 38307889] .9437048]| .3472085| .9377880 
0.3310634/0 .9436085||0.3474812/0.9376869 
. 3313379] .9435122|| .3477540| .9375858 
. 3316123] .9434157]|| .3480267| .9374846 
. 3318867] .9433192|| .3482994| .9373833 
.3321611] .9432227|| .3485720| .9372820 
. 3324355] .9431260]] .3488447| .9371806 
- 3327098] .9430293]| .3491173| .9370790 
. 3329841] .9429324]| .3493898] .9369774 
- 3332584] .9428355]| .3496624| .9368758 
. 3335326] .9427386]| .3499349| .9367740 
0.3338069|0.9426415]|0.3502074/0.9366722 
-3340810] .9425444]| .3504798] .9365703 
, 3343552] .9424471 .3507523| .9364683 
- 3346293] .9423498]] .3510246| .9363662 
-3349034| .9422525]| .3512970| .9362641 
-3351775] .9421550]] .3515693| .9361618 
-3354516| .9420575]|| .3518416] .9360595 
. 3357256] .9419598|| .3521139] 19359571 
- 3359996] .9418621 .3523862| .9358547 
-3362735| .9417644]|| .3526584|] .9357521 
0.3365475]0.9416665||0.3529306|0.9356495 
. 3368214] .9415686]| .3532027] .9355468 
. 3370953] .9414705|| .3534748] .9354440 
. 3373691] .9413724]] .3537469| .9353412 
.3376429| .9412743]| .3540190] .9352382 
.3379167] .9411760|| .3542910| .9351352 
- 3381905] .9410777]| .3545630| .9350321 
. 3384642] .9409793]| .3548350! .9349289 
. 3387379] .9408808]| .3551070| .9348257 
- 3390116] .9407822]| .3553789| .9347223 
0.3392852|0.9406835||0.3556508/0.9346189 
- 3395589] .9405848]|| .3559226] .9345154 
- 3398325] .9404860|] .3561944]| ..9344119 
-38401060] .9403871|| .3564662] .9343082 
- 3403796] .94028811| .3567380| .9342045 
-3406531] .9401891]] .3570097| .9341007 
- 3409265] .9400899]} .3572814] .9339968 
-38412000] .9399907|] .3575531| .9338928 
- 3414734] .9398914]|| .3578248] .9337888 
.3417468] .9397921|| .3580964] .9336846 
0.3420201|0.9396926 0.3583679 |0.9335804 
Cosine Sine Cosine Sine 
70° 69° 
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Ei ne nil eee altel ha. ale ett laces cee 
21° 22° 23° 
Sine Cosine Sine Cosine Sine Cosine 


0. 3583679 |0.9335804 || 0. 3746066 | 0, 9271839 ||0.3907311|0.9205049| 60 
- 3586395) .9334761)| .3748763) .9270748|| .3909989] .9203912] 59 
.3589110} .9333718]| .3751459| .9269658|| .3912666] .9202774| 58 
-3591825| .9332673)| .38754156) .9268566]| .3915343] .9201635| 57 
.3594540| .9331628]| .8756852| .9267474|| .3918019| .9200496| 56 
3597254) .9330582]| .3759547) .9266380|| .3920695| .9199356| 55 
- 3599968! .9329535|| .3762243] .9265286|| .3923371| .9198215| 54 
. 3602682) .9328488]| .3764938] .9264192|| .3926047| .9197073| 53 
. 3605395) .9327439)|| .3767632| .9262096]| .3928722] .9195931| 52 
- 3608108] .9326390|| .3770827| .9262000|| .3931397| .9194788| 51 

10 |0.3610821/0.9325340||0.3773021]0.9260902||0.3934071|0.9193644| 50 


11 | .3613534| .9324290|| .3775714| 9259805|| .8936745| .9192499] 49 
12 | ,3616246| .9323238|| .3778408| .9258706|| .3939419| .9191353| 48 
13 | .3618958) .9322186|| .3781101] .9257606|| .3942093| .9190207| 47 
14 | .3621669] .9321133]| .3783794| .9256506|| .3944766| .9189060| 46 
15 | .3624380| .9320079|| .3786486| .9255405|| .3947439| .9187912] 45 
16 | .3627091| .9319024|| .3789178| .9254303]| .38950111| .9186763] 44 
17 | .3629802! .9317969|| .3791870| .9253201]| .38952783| .9185614| 43 
18 | .3632512| .9316912|| .3794562| .9252097|| .3955455| .9184464| 42 
19 | .3635222| .9315855|| .8797253| .9250993|| .3958127| .9183313] 41 
20 |0.3637932|0.9314797 ||0.3799944|0.9249888]|0.3960798/0.9182161| 40 


21 | .8640641| .9313739|| .3802634| .9248782|| .3963468| .9181009] 29 
22 | 3648351} .9312679|| .3805324| .9247676|| .3966139| .9179855| 38 
23 | .3646059| .9311619|| .3808014| .9246568|| .3968809| .9178701| 37 
24 | .3648768| .9310558]| .3810704| .9245460|| .3971479| .9177546| 36 
25 | .3651476| .9309496|| .3813393| .9244351|| .3974148| .9176391| 35 
26 | .3654184| .93084341! .3816082| .9243242|| .3976818| .9175234| 34 
27 | .3656891| .9307370)| .3818770| .9242131|| .3979486| .9174077| 33 
28 | .3659599| .9306306|| .3821459| .9241020]| .3982155| .9172919] 32 
29 | .3662303| .9305241]| .3824147| .9239908|| .3984823| .9171760| 31 
30 |0,3665012|0.9304176||0.3826824|0.9228795||0.3987491|0.9170601| 320 


31 | .3667719| .9303109|| .3829522| .9237682|| .2990158| .9169440] 29 
32 | .3670425| .9302042|| .38832209| .9236567|| .3992825| .9168279| 28 
33 | .3673130] .9300974|| .38834895| .9235452|| .3995492| .9167118| 27 
34 | .3675836| .9299905|| .3837582| .9224336)|| .8998158| .9165955| 26 
35 | .3678541| .9298835|| .3840268| .9223220|| .4000825| .9164791| 95 
36 | .3681246| .9297765|| .3842953| .9232102|| .4003490| .9163627| 24 
37 | .3683950| .9296694|| .3845639| .9230984|| .4006156| .9162462| 23 
38 | .3686654| .9295622|| .3848224| .9229865|| .4008821| .9161297| 22 
39 | .3689358| .9294549|| .8851008| .9228745|| .4011486| .9160130| 21 
40 |0.3692061/0.9293475)|0.3853693|0.9227624!|/0.4014150|0.9158963) 20 


41 | .3694765| .9292401)| .3856377| .9226503|| .4016814| .9157795) 19 
42 | .3697468| .9291326]| .3859060| .9225381|| .4019478| .9156626| 18 
43 | .3700170| .9290250|| .8861744| .9224258|| .4022141| .9155456| 17 
44 | .3702872| .9289173|| .8864427| .9223134|| .4024804| .9154286| 16 
45 | .38705574| .9288096|| .3867110| .9222010|| .4027467| .9153115| 15 
46 | .3708276| .9287017)|| .3869792| .9220884|| .4020129| .9151943) 14 
47 | .8710977| .9285938)| .3872474| .9219758|| .4022791| .9150770| 13 
48 | .38713678) .9284858|| .8875156| .9218622|| .4025453| .9149597| 12 
49 | ,38716379| .9283778)| .3877837| .9217504|| .4028114| .9148422) 11 
60 |0.3719079|0.9282696||0.3880518|0.9216375||0.4040775/|0.9147247| 10 


51 | .3721780| .9281614|| .3883199| .9215246|| .4043436 - 9146072 
‘52 | .3724479| .9280531!| .3885880| .9214116]| .4046096| .9144805 
53 | .38727179| .9279447|| .3888560| .9212986]| .4048756| .9143718 
54 | .3729878) .9278363)| .3891240| .9211854|| .4051416| .9142540 
55 | .38732577| .9277277|| .3893919| .9210722|| .4054075| .9141361 
56 | .3735275| .9276191|| .3896598| .9209589|| .4056734| .9140181 
57 | .8737973| .9275104|| .3899277| .9208455|| .4059393| .9129001 
58 | .3740671| .9274016]| .3901955| .9207320|| .4062051| .9137819 
59 | .3743369| .9272928|| .3904633| .9206185|| .4064709| .9136637 
60 |0.3746066)0.9271839)|0.3907311|0.9205049 || 0.4067366 |0.9135455 


Cosine Sine Cosine Sine Cosine Sine 
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24° 
Sine 

O |0.4067366]0. 
1 | .4070024 
2 | .4072681 
3 |) .4075337 
4} .4077993 
5 | .4080649 
6 | .4083305 
rh - 4085960 
8 | .4088615 
9 4091269 

10 |0.4093923/0. 
11 | .4096577 
12 . 4099230 
13 .4101883 
14 .4104536 
15 | .4107189 
16 -4109841 
17 4112492 
18 4115144 
19 -4117795 

20 |0.4120445]0. 
21 . 4123096 
22 .4125745 
23 | .4128395 
24 .4131044 
25 | .4133693 
26 | .4136342 
27 -4138990 
28 .4141688 
29 4144285 

30 |0.4146932)6. 
31 | 24149579 
32 | .4152226 
33 | .4154872 
34 | .4157517 
35 | .4160163 
36 | .4162808 
37 | .4165453 
38 | .4168097 
39 .4170741 

40 |0.4173385/0. 
41 | .4176028 
42 | .4178671} 
43 | .4181313 
44 -4183956 
45 | .4186597 
46 | .4189239 
47 -4191880 
48 | .4194521 
49 .4197161 

50 |0.4199801)0. 
51 | .4202441 
52 | .4205080 
53 | .4207719 
54 | .4210358 
55 | .4212996 
56 | .4215634 
57 | .4218272 
58 | .4220909 
59 .4223546 

60_ 0.4226183)0. 

Cosine 
65° 


Cosine 


9135455 
- 9134271 
- 9133087 
-9131902 
- 9130716 
-9129529 
. 9128342 
-9127154 
-9125965 
.9124775 


9123584 


.9122393 
-9121201 
- 9120008 
.9118815 
-9117620 
.9116425 
-9115229 
-9114033 
- 9112835 


9111637 


-9110438 
- 9109238 
- 9108038 
.9106837 
. 9105635 
. 9104432 
- 9103228 
. 9102024 
-9100819 


9099613 


.9098406 
- 9097199 
- 9095990 
- 9094781 
-9093572 
-9092361 
- 9091150 
- 9089938 


-9088725 
9087511 


-9086297 
. 9085082 
- 9083866 
- 9082649 
-9081432 
- 9080214 
- 9078995 
:9077775 
-9076554 


9075333 


-9074111 
- 9072888 
- 9071665 
- 9070440 
- 9069215 
- 9067989 
- 9066762 
-9065535 


- 9064307 


9063078 


Sine 











25° 
Sine Cosine 
0.4226183]0.9063078 
. 4228819] .9061848 
.4231455| .9060618 
.4234090| .9059386 
.4236725| .9058154 
. 4239360] .9056922 
.4241994| .9055688 
.4244628| .9054454 
.4247262| .9053219 
.4249895| .9051983 
0.4252528]0.9050746 
.4255161| .9049509 
.4257793| .9048271 
.4260425] .9047032 
.4263056| .9045792 
.4265687| .9044551 
.4268318] .9043310 
.4270949| .9042068 
.4273579| .9040825 
4276208] .9039582 
0.4278838]0.9038338 
.4281467| .9037093 
.4284095} .9035847 
.4286723| .9034600 
.4289351| .9033353 
.4291979| .9032105 
.4294606] .9030856 
.4297233| .9029606 
.4299859| .9028356 
.4302485| .9027105 
0.4305111/}0.9025853 
.4307736] .9024600 
.4310361| .9023347 
.4312986] .9022092 
. 4315610] .9020838 
*,4318234] .9019582 
4320857] .9018325 
-4323481] .9017068 
. 4326103] .9015810 
.4328726| .9014551 
0.43831348/0.9013292 
. 4333970] .9012031 
.4336591] .9010770 
.4339212] .9009508 
-4341832| .9008246 
.4344453] .9006982 
-4347072]| .9005718 
-4349692| .9004453 
-4352311] .9003188 
.4354930] .9001921 
0.4357548]|0.9000654 
.4360166| .8999386 
-4362784| .8998117 
-4365401| .8996848 
-4368018] .8995578 
- 4370634] .8994307 
-4373251} .8993035 
-4375866] .8991763 
.4378482| .8990489 
-4381097| .8989215 
0.4383711 0.8987940 
Cosine Sine 
64° 
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26° 
Sine Cosine 
0.4383711]0.8987940 
-4386326| .8986665 
.4388940| .8985389 
.4391553| .8984112 
.4394166]| .8982834 
.4398779| .8981555 
.4399392). .8980276 
.4402004| .8978996 
4404615] .8977715 
.4407227| .8976433 
0.4409838|0.8975151 
.4412448] .8973868 
.4415059| .8972584 
.4417668| .8971299 
.4420278| .8970014 
.4422887| .8968727 
.4425496| .8967440 
4428104] .8966153 
.4430712| .8964864 
.4433319] .8963575 
0.4435927|0.8962285 
.4438534| .8960994 
4441140] .8959703 
.4443746| .8958411 
.4446352| .8957118 
.4448957| .8955824 
4451562] .8954529 
.4454167| .8953234 
.4456771| .8951938 
-4459375| .8950641 
0.4461978/0.8949344 
-4464581| .8948045 
.4467184| .8946746 
.4469786| .8945446 
. 4472388] .8944146 
.4474990| .8942844 
-4477591| .8941542 
.4480192] .8940240 
-4482792] .8938936 
-4485392| .8937632 
0.4487992|0.8936326 
.4490591| .8935021 
.4493190] .8933714 
.4495789] .8932406 
.4498387| .8931098 
.4500984} .8929789 
-4503582| .8928480 
.4506179| .8927169 
-4508775] .8925858 
.4511872) .8924546 
0.4513967)|0.8923234 
.4516563]} .8921920 
.4519158] .8920606 
.4521753] .8919291 
.4524347| .8917975 
.4526941] .8916659 
-4529535] .8915342 
.4532128} .8914024 
.4534721| .8912705 
-4537313] .8911385 
0.4539905|0.8910065 
Cosine Sine 
63° 


a 
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abe 28° 29° 


Sine Cosine Sine Cosine Sine Cosine 


0 |0.4539905/0.8910065|/0. 46947 16| 0. 8829476||0. 4848096 |0.8746197| 60 
1 | .4542497| .8908744|| .4697284| .8828110]| .4850640| .8744786] 59 
2 | .4545088} .8907423]| .4699852| .8826743]| .4853184| .8743375| 58 
8'}..4547679} .8906100]| .4702419| .8825376]| .4855727| .8741963] 57 
. .4550269} .8904777]| .4704986] .8824007)| .4858270| .8740550| 56 
6 
{ 
8 
9 








.4552859} .8903453]| .4707553| .8822638)| .4860812]) .8739137| 55 
.4555449| .8902128]| .4710119| .8821269)| .4863354| .8737722| 54 
.4558038] .8900803]| .4712685| .8819898]| .4865895) .8736307) 53 
.4560627| .8899476]| .4715250| .8818527|| .4868436| .8734891) 52 
-4563216| .8898149|| .4717815| .8817155}| .4870977| .8733475| 51 
10 |0.4565804/0.8896822|/0.4720380/0.8815782|/0 .4873517|0.8732058| 50 


Il | .4568392| .8895493]) .4722944] .8814409|| .4876057| .8730640| 49 
12 | .4570979| .8894164|| .4725508| .8813035|| .4878597| .8729221| 48 
13 | .4573566| .8892834|| .4728071| .8811660|| .4881136| .8727801| 47 
14 | .4576153] .8891503|| .4730634| .8810284|| .4883674| .8726381| 46 
15 | .4578739| .8890171|| .4733197| .8808907|| .4886212| .8724960| 45 
16 | .4581325] .8888839|| .4735759| .8807530|| .4888750| .8723538) 44 
17 | .4583910] .8887506]] .4738321] .8806152|| .4891288] .8722116| 43 
18 | .4586496| .8886172|| .4740882| .8804774|| .4893825| .8720693| 42 
19 | .4589080| .8884838]|| .4743443| .8803394|| .4896361| .8719269| 41 
20 |0.4591665|0. 8883503]|0. 4746004 |0.8802014|/0.4898897 |0.8717844| 40 


21 | .4594248] .8882166|| .4748564] .8800633]| .4901433) .8716419| 39 
22 | .4596832| .8880830|| .4751124| .8799251]|| .4903968] .8714993)| 38 
23 | .4599415| .8879492]|| .4753683| .8797869|| .4906503| .8713566| 37 
24 | .4601998] .8878154|| .4756242| .8796486|| .4909038| .8712138| 36 
25 | .4604580| .8876815]| .4758801| .8795102|| .4911572| .8710710| 35 
26 | .4607162| .8875475|| .4761359| .8793717|| .4914105| .8709281| 34 
27 | .4609744| .8874134|| .4763917| .8792332|| .4916638] .8707851| 33 
28 | .4612325| .8872793|| .4766474| .8790946|| .4919171] .8706420] 32 
29 | .4614906| .8871451]| .4769031) .8789559|| .4921704] .8704989| 31 
30 |0.4617486|0.8870108]|0.4771588|0.8788171||0.4924236|0.8703557) 30 


‘31 | .4620066] .8868765|| .4774144] .8786783]| .4926767] .8702124| 29 
32 | .4622646| .8867420]| .4776700| .8785394|| .4929298| .8700691| 28 
33 | .4625225! .8866075|| .4779255| .8784004|| .4931829| .8699256| 27 
34 | .4627804| .8864730|| .4781810| .8782613]| .4934359| .8697821| 26 
35 | .4630382] .8863383]| .4784364| .8781222|| .4936889| .8696386| 25 
36 | .4632960] .8862036|| .4786919| .8779830|| .4939419| .8694949| 24 
87 | .4635538] .8860688]|| .4789472| .8778437]| .4941948] .8693512| 23 
38 | .4638115| .8859339|| .4792026| .8777043]|| .4944475| .8692074] 22 
39 | .4640692| .8857989]|| .4794579| .8775649|| .4947005| .8690636] 21 
40 |0.4643269 |0.8856639]|0.4797131|0.8774254||0.4949532/0.8689196| 20 


41 | .4645845) .8855288]| .4799683] .8772858]| .4952060| .8687756| 19 
42 | .4648420| .8853936|| .4802235| .8771462|| .4954587| .8686315| 18 
43 | .4650996| .8852584|| .4804786] .8770064|| .4957113] .8684874| 17 
44 | .4653571| .8851230]| .4807337| .8768666]| .4959639| .8683431| 16 
45 | .4656145| .8849876|| .4809888] .8767268]| .4962165| .8681988} 15 
46 | .4658719| .8848522|| .4812438] .8765868]| .4964690| .8680544| 14 
47 | .4661293| .8847166]| .4814987| .8764468]| .4967215| .8679100} 13 
48 | .4663866] .8845810|| .4817537] .8763067|| .4969740| .8677655) 12 
49 | .4666439| .8844453]|| .4820086] .8761665|| .4972264| .8676209| 11 
50 |0.4669012|0.8843095]|0.4822634|0.8760263}|0. 4974787 |0.8674762| 10 


51 | .4671584| .8841736|| .4825182| .8758859|| .4977310) .8673314 
52 | .4674156| .8840377|| .4827730| .8757455|| .4979833] .8671866 
53 | .4676727} .8839017|| .4830277| .8756051]| .4982355| .8670417 
54 | .4679298| .8837656|| .4832824| .8754645|| .4984877| .8668967 
55 | .4681869] .8836295|| .4835370] .8753239]|. .4987399] .8667517 
56 | .4684439] .8834933]| .4837916| .8751832]| .4989920| .8666066 
57 | .4687009| ..8833569]| .4840462] .8750425]| .4992441| .8664614 
58 | .4689578] .8832206|| .4843007| .8749016|| .4994961] .8663161 
59 | .4692147| .8830841|| .4845552| .8747607|| .4997481| .8661708 
60 |0.4694716]0.8829476]|0.4848096|0.8746197||0. 5000000 |0. 8660254 


Cosine Sine Cosine Sine Cosine Sine 


62° 61° 60° 
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30° 31° 32° 
Sine Cosine Sine Cosine Sine Cosine 


- 5000000 |0. 8660254]/0. 5150381 |0.8571673)|0.5299193)}0.8480481] 60 
o 3002519 -8658799|| .5152874) .8570174|| .5301659| .8478939] 59 
-5005037| .8657344|| .5155367| .8568675]| .5304125| .8477397| 58 
- 5007556] .8655887|| .5157859] .8567175|| .5306591} .8475853) 57 
-5010073] .8654430]| .5160351} .8565674|| .5309057} .8474309] 56 
-5012591} .8652973]| .5162842] .8564173}| .5311521) .8472765| 55 
-9015107) .8651514}| .5165333] .8562671|| .5313986| .8471219| 54 
-5017624} .8650055]|} .5167824| .8561168]| .5316450| .8469673] 53 
- 5020140} .8648595}} .5170314] .8559664]| .5318913) .8468126| 52 
.5022655|] .8647134]| .5172804] .8558160]| .5321376] .8466579| 51 
10 |0.5025170/0.8645673)|0.5175293 |0.8556655]|0.5323839/0.8465030|] 50 


11 | .5027685| .8644211]| .5177782| .8555149]| .5326301| .8463481] 49 
12 | .5030199] .8642748]| .5180270| .8553643]| .5328763] .8461932| 48 
13 | .5032713| .8641284/| .5182758)] .8552135]} .5331224) .8460381]| 47 
14 | .5035227| .8639820]| .5185246] .8550627|| .5333685] .8458830] 46 
15 | .5037740] .8638355]| .5187733| .8549119]) .5336145| .8457278] 45 
16 | .5040252) .8636889}| .5190219] .8547609]} .5338605] .8455726| 44 
17 | .5042765) .8635423]| .5192705] .8546099|| .5341065| .8454172| 43 
18 | .5045276| .8633956]| .5195191} .8544588]| .5343523] .8452618| 42 
19 | .5047788] .8632488]| .5197676] .8543077|| .5345982| .8451064| 41 
20 |0.5050298/0.8631019//0.5200161|0.8541564||0.5348440]0.8449508] 40 


21 | .5052809| .8629549]| .5202646] .8540051]| .5350898) .8447952| 39 
22 | .5055319| .8628079]| .5205130| .8538538]| .5353355| .8446395| 38 
23 | .5057828| .8626608]| .5207613] .8537023||. 5355812] .8444838| 37 
24 | .5060338; .8625137|| .5210096| .8535508]| .5358268| .8443279| 36 
25 | .5062846] .8623664|| .5212579| .8533992|| .5360724| .8441720| 35 
26 | .5065355| .8622191]| .5215061] .8532475|| .5363179| .8440161| 34 
27 | .5067863| .8620717]| .5217543] .8530958|| .5365634} .8438600| 33 
28 | .5070370| .8619243]| .5220024| .8529440|| .5368089] .8437039| 32 
29 | .5072877| .8617768]| .5222505| .8527921|| .5370543| .8435477| 31 
30 |0.5075384 |0.8616292/|0. 5224986 |0.8526402||0.5372996|0.8433914] 30 


31 | .5077890} .8614815]| .5227466| .8524881|| .5375449] .8432351] 29 
32 | .5080396] .8613337|| .5229945| .8523360|| .5377902| .8430787| 28 
33 | .5082961] .8611859]| .5232424| .8521839]| .5380354] .8429222] 27 
34 | .5085406] .8610380]| .5234903| .8520316|| .5382806| .8427657| 26 
35 | .5087910} .8608901]| .5237381] .8518793|| .5385257] .8426091| 25 
36 | .5090414! .8607420]| .5239859] .8517269]| .5387708] .8424524| 24 
37 | .5092918) .8605939)|| .5242336] .8515745]| 5390158] .8422956| 23 
38 | .5095421) .8604457]| .5244813| .8514219]] .5392608] .8421388] 22 
39 | .5097924) .8602975|| .5247290| .8512693]] .5395058| .8419818] 21 
40 |0.5100426 |0.8601491|/0. 5249766 |0. 8511167 ||0.5397507|0.8418249] 20 


41 | .5102928] .8600007]| .5252241] .8509639]] .5399955| .8416679| 19 
42 | .5105429) .8598523|| .5254717| .8508111|| .5402403] .8415108| 18 
43 | .5107930) .8597037|| .5257191] .8506582|| .5404851| .8413536| 17 
44 | .5110431) .8595551]| .5259665| .8505053|| .5407298|] .8411963| 16 
45 | .5112931) .8594064!| 5262139] .8503522]| .5409745| .8410390| 15 
46 | .5115431} .8592576]| .5264613] .8501991|| .5412191| .8408816| 14 
47 | .5117930} .8591088]| .5267085] .8500459]| .5414637| .8407241] 13 
48 | .5120429] .8589599]| .5269558] .8498927|| 15417082] .8405666] 12 
49 | .5122927) .8588109|| .5272030] .8497394|| 15419527] .8404090] 1i 
50 |0.5125425/0. 8586619 ||0.5274502|0.8495860|!0.5421971/0.8402513| 16 


51 | .5127923] .8585127|| .5276973| .8494325]| 15424415] .8400936 
52 | .5130420] .8583635]| .5279443| .8492790|| .5426859| .8399357 
53 | .5132916) .8582143]| .5281914] .8491254]| .5429302| .8397778 
54 | .5135413) .8580649|| .5284383] .8489717]| .5431744| .8396199 
55 | .5137908] .8579155|| .5286853] .8488179|| .5434187] .8394618 
56 | .5140404| .8577660]| .5289322| .8486641]| .5436628| .8393037 
57 | .5142899) .8576164|| .5291790} .8485102]| .5439069] .8391455 
58 | .5145393) .8574668|| .5294258] .8483562|| .5441510| .8389873 
59 | .5147887| .8573171|| .5296726| .8482022|| .5443951| .8388290 
60 |9.5150381)0.8571673]/0.5299193]0.8480481]|0.5446390/0.8386706 


Cosine Sine Cosine Sine Cosine Sine 
: eters SSS | ee Se |e 
59° 58° 57° 
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33° 
Sine Cosine 

0 |0.5446390|0. 8386706 

1 5448830] .8385121 

2 | .5451269] .8383536 

3 | .5453707] .8381950 

4 | .5456145] .8380363 

5 | .5458583| .8378775 

6 | .5461020] .8377187 

7 | .5463456] .8375598 

8 | .5465892] .8374009 

9 | .5468328] .8372418 
10 |0.5470763)|0.8370827 
it: . 5473198) .8369236 
12 | .5475632| .8367643 
13 | .5478066| .8366050 
14 | .5480499| .8364456 
15 | .5482932| .8362862 
16 | .5485365| .8361266 
17 | .5487797| .8359670 
18 | .5490228| .8358074 
19 .5492659| .8356476 
20 |0.5495090/0.8354878 
21 | .5497520] .8353279 
22 | .5499950| .8351680 
23 | .5502379| .8350080 
24 | .5504807| .8348479 
25 | .5507236| .8346877 
26 | .5509663] .8345275 
27 .5512091| .8343672 
28 | .5514518| .8342068 
29 | .5516944| .8340463 
30 |0.5519370)|0. 8338858 
31 | .5521795| .8337252 
32 | .5524220] .8335646 
33 | .5526645| .8334038 
34 | .5529069| .8332430 
35 | .5531492) .8330822 
36 | .5533915| .8329212 
37 | .5536338| .8327602 
38 | .5538760| .8325991 
39 .5541182| .8324380 
40 |0.5543603|0.8322768 
41 | .5546024| .8321155 
42 | .5548444| .8319541 
43 | .5550864| .8317927 
44 | .5553283| .8316312 
45 .5555702| .8314696 
46 | .5558121| .8313080 
47 | .5560539| .8311463 
48 | .5562956| .8309845 
| 49 .5565373| .8308226 
, 50 |0.5567790 |0. 8306607 
, 51 | .5570206| .8304987 
, 52 | .5572621| .8303366 
' 68 | .5575036| .8301745 
54 | .5577451| .8300123 

| 55 | .5579865| .8298500 
56 | .5582279) .8296877 
57 | .5584692| .8295252 
58]. eee as - 8293628 

| 59 | .5589517| .8292002 
60 0.5591929 |0. 8290376 

Cosine Sine 


56° 


























34° 35° 
Sine Cosine Sine Cosine 
0.5591929|0.8290376)/0.5735764}0.8191520) 60 
. 5594340] .8288749]| .5738147| .8189852| 59 
. 5596751 8287121}| .5740529 8188182] 58 
. 5599162 8285493]| .5742911 8186512} 57 
5601572 8283864|| .5745292 8184841! 56 
. 5603981 8282234]! .5747672 8183169] 55 
. 5606390] .8280603]} .5750053 8181497] 54 
. 5608798] .8278972]|| .5752432 8179824] 53 
- 5611206 8277340]| .5754811 8178151] 52 
-5613614] .8275708|| .5757190| .8176476] 51 
0.5616021]|0.8274074|/0.5759568|0.8174801] 50 
.5618428| .8272440|| .5761946| .8173125| 49 
.5620834| .8270806]| .5764323] .8171449] 48 
. 5623239] .8269170|| .5766700| .8169772| 47 
.5625645| .8267534|| .5769076] .8168094] 46 
.5628049| .8265897|| .5771452| .8166416| 45 
.5630453| .8264260|| .5773827| .8164736| 44 
.5632857| .8262622|| .5776202] .8163056| 43 
.5635260| .8260983]|| .5778576| .8161376| 42 
.5637663| .8259343]| .5780950| .8159695]| 41 
0.5640066} 0.8257703)|0.5783323|0.8158013] 40 
. 5642467} .8256062]| .5785696| .8156330] 39 
.5644869| .8254420!] .5788069| .8154647| 38 
.5647270| .8252778)]| .5790440| .8152963| 37 
.5649670| .8251135]| .5792812| .8151278)] 36 
.5652070| .8249491]| .5795183] .8149593| 35 
. 5654469] .8247847|| .5797553) .8147906] 34 
. 5656868] .8246202}| .5799923| .8146220) 33 
.5659267| .8244556|| .5802292] .8144532| 32 
.5661665) .8242909|| .5804661] .8142844] 3] 
0.5664062] 0.8241262/|0.5807030/0.8141155| 3 
.5666459| .8239614]| .5809397] .8139466| 29 
- 5668856 8237965|| .5811765 8137775| 28 
. 5671252 8236316]} .5814132 8136084| 27 
.5673648] .8234666]} .5816498] .8134393]| 26 
5676043} .8233015|| .5818864 8132701] 25 
. 5678437 8231364]! .5821230 8131008] 24 
- 5680832 8229712|| .5823595 8129314] 23 
- 5683225 8228059|| .5825959| .8127620| 22 
.5685€19| .8226405)| .5828323}] .8125925] 21 
0. 5688011] 0.8224751]|0. 5830687 |0.8124229| 20 
.5690403| .8223096]|| .5833050} .8122532] 19 
.5692795| .8221440]| .5835412| .8120835] 18 
5695187] .8219784]| .5837774| .8119137| 17 
.5697577| .8218127]| .5840136] .8117439] 16 
.5699968] .8216469]| .5842497] .8115740} 15 
.5702357| .8214811]| .5844857]) .8114040] 14 
.5704747| .8213152)| .5847217| .8112339/] 13 
.5707136| .8211492|| .5849577| .8110638] 12 
.5709524| .8209832|| .5851936] .8108936| 11 
0.5711912]0.8208170)|0.5854294/0.8107234} 10 
.5714299| .8206509]|| .5856652] .8105530] 9 
.5716686| .8204846]| .5859010} .8103826| 8 
.5719073| .8203183]| .5861367} .8102122| 7 
.5721459| .8201519|| .5863724] .8100416| 6 
.5723844| .8199854|| .5866080} .8098710) 5 
.5726229| .8198189|| .5868435] .8097004} 4 
.5728614| .8196523]| .5870790] .8095296] 3 
.5730998| .8194856]} .5873145| .8093588} 2 
.5733381} .81931891) .5875499| .8091879) 1 
0.5735764|0.8191520]|0.5877853|0.8090170} 0 
Cosine Sine Cosine Sine 
55° 54° 
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36° 37° 38° 

Sine Cosine Sine Cosine Sine _ Cosine _ 
. 5877853 ]0.8090170]/0.6018150)0.7986355]|0.615661510.7880108 
. 5880206] .8088460]| .6020473| .7984604]| .6158907| .7878316 
5882558] .8086749}| .6022795| .7982853|| .6161198| .7876524 
. 5884910] .8085037|| .6025117| .7981100]| .6163489| .7874732 
. 5887262] .8083325]| .6027439| .7979347]|| .6165780] .7872939 
- 5889613] .8081612|| .6029760| .7977594|| .6168069| .7871145 
.5891964| .8079899|| .6032080| .7975839]} .6170359| .7869350 
. 5894314] .8078185|| .6034400| .7974084]| .6172648] .7867555 
. 5896663] .8076470|| .6036719| .7972329|| .6174936| .7865759 
.5899012| .8074754)| .6039038| .7970572|| .6177224| .7863963 
.5901361]0. 8073038)|0.6041356|0.7968815]|0.6179511]0.7862165 
-5903709| .8071321]| .6043674| .7967058]| .6181798] .7860367 
- 5906057) .8069603)| .6045991] .7965299)|| .6184084| .7858569 
. 5908404] .8067885]|| .6048308| .7963540]| .6186370] .7856770 
-5910750| .8066166|| .6050624| .7961780|| .6188655| .7854970 
.5913096| .8064446|| .6052940] .7960020||} .6190939] .7853169 
- 5915442] .8062726]| .6055255| .7958259|| .6193224] .7851368 
-5917787| .8061005|| .6057570| .7956497|| .6195507] .7849566 
-5920132| .8059283|| .6059884| .7954735|| .6197790| .7847764 
. 5922476) .8057560|| .6062198] .7952972)|| .6200073|] .7845961 
5924819]0. 8055837 |/0.6064511]0.7951208||0.6202355|0.7844157 
.5927163] .8054113]| .6066824| .7949444|| .6204636| .7842352 
- 5929505] .8052389]| .6069136| .7947678]|| .6206917| .7840547 
-5931847| .8050664|| .6071447| .7945913]|| .6209198] .7838741 
-5934189| .8048938]| .6073758] .7944146|| .6211478] .7836935 
. 5936530] .8047211|| .6076069| .7942379|| .6213757| .7835127 
- 5938871] .8045484]| .6078379] .7940611]|| .6216036| .7833320 
-5941211| .8043756|| .6080689] .7938843]| .6218314| .7831511 
. 5943550] .8042028]] .6082998] .7937074|| .6220592| .7829702 
-5945889| .8040299|| .6085306| .7935304|| .6222870| .7827892 
- 5948228 |0.8038569|/0.6087614|0.7933533]|0.6225146|0.7826082 
-5950566| .8036838]|| .6089922| .7931762|| .6227423] .7824970 
-5952904| .8035107|| .6092229| .7929990]| .6229698| .7822459 
-5955241) .8033375]| .6094535] .7928218]| .6231974 - 7820646 
-5957577| .8031642|| .6096841| .7926445|| .6234248 - 7818833 
-5959913) .8029909|| .6099147| .7924671|| .6236522] .7817019 
- 5962249] .8028175|| .6101452| .7922896|| .6238796 - 7815205 
- 5964584] .8026440|) .6103756] .7921121]| .6241069| .7813390 
- 5966918] .8024705|| .6106060] .7919345]|| .6243342] .7811574 
. 5969252] .8022969|| .6108363] .7917569|| .6245614 . 7809757 
-5971586 |0. 8021232]|0.6110666|0.7915792]|0.6247885|0.7807940 
-5973919} .8019495]| .6112969] .7914014]| .6250156] .7806123 
-5976251| .8017756]| .6115270| .7912235|| .6252427 . 7804304 
-5978583} .8016018|| .6117572| .7910456|| .6254696] .7802485 
- 5980915) .8014278)| .6119873] .7908676|| .6256966] .7800665 
- 5983246 .8012538]) .6122173] .7906896|| .6259235| .7798845 
. 5985577] ,8010797|| .6124473| .7905115]| .6261503] .7797024 
- 5987906] .8009056|| .6126772| .7903333]| .6263771| .7795202 
- 5990236). .8007314|| .6129071| .7901550]| .6266038] .7793380 
- 5992565) .8005571|| .61313869| .7899767|| .6268305] .7791557 
-5994893 |0.8003827 ||0.6133666|0.7897983]|0.6270571|0.7789733 
-5997221) .8002083)| .6135964] .7896198|| .6272837| .7787909 
- 5999549] .8000338]| .6138260| .7894413|| .6275102 . 7786084 
-6001876] .7998593}| .6140556| .7892627|| .6277366| .7784258 
-6004202| .7996847]|| .6142852| .7890841|| .6279631| .7782431 
-6006528) .7995100}) .6145147| .7889054|| .6281894] .7780604 
-6008854) .7993352|| .6147442| .7887266|| .6284157| .7778777 
-6011179) .7991604)| .6149736|] .7885477|| .6286420| .7776949 
-6013503) .7989855)| 6152029] .7883688|| .6288682| .7775120 
-6015827) 27988105)| .6154322| .7881898|| .6290943| .7773290 
60 |0.6018150/0.7986355]|0.6156615|0.7880108}|0. 6293204 0.7771460 

Cosine Sine Cosine Sine Cosine Sine 

53° 52° 51° 


Ce 
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39° 


Sine Cosine 


foo) 


.6295464| .7769629 
.6297724| .7767797 
- 6299983) .7765965 
.6302242| .7764132 
- 6304500} .7762298 
-6306758| .7760464 
-6309015] .7758629 
.6311272| .7756794 
-6313528] .7754957 
-6315784|0.7753121 


-6318039| .7751283 
-6320293| .7749445 
.6322547| .7747606 
-6324800| .7745767 
.6327053] .7743926 
-6329306| .7742086 
.6331557| .7740244 
.6333809| .7738402 
19 | .6336059| .7736559 
.6338310/0.7734716 


21 | .6340559| .7'732872 
22 | .6342808] .7731027 
23 | .6345057| .7729182 
24 | .6347305| .7727336 
25 | .6349553) .7725489 
26 | .6351800| .7723642 
27 | .6354046| .7721794 
28 | .6356292| .7719945 
29 | .6358537| .7718096 
30 |0.6360782)0.7716246 


31 | .6363026| .7714395 
32 | .6365270| .7712544 
33 | .6367513| .7710692 
34 | .6369756| .7708840 
35 | .6371998| .7706986 
36 | .6374240| .7705132 
37 | .6376481| .7703278 
38 | .6378721| .7701423 
39 | .6380961| .7699567 


oO 





et ek et 
OND whe SOnIM UA wIMO| - 


Ss 
So 





40 |0.6383201/0.7697710) 


41 | .6385440| .7695853 
42 | .6387678) .7693996 
43 | .6389916| .7692137 
44 | .6392153| .7690278 
45 | .6394390| .7688418 
46 | .6396626| .7686558 
47 | .6398862| .7684697 
48 | .6401097| .7682835 
49 | .6403332| .7680973|| 
50 |0.6405566|0.7679110 


51 | .6407799| .7677246 
52 | .6410032) .7675382 
53 | .6412264| .7673517 
54 | .6414496| .7671652 
55 | .6416728| .7669785 
56 | .6418958| .7667918 


| 57 | .6421189) .7666051) 


| a .6423418] .7664183 
-6425647| .7662314 
60. 0. 6427876 |0.7660444 





- 629320410 .7771469 





40° 


Sine Cosine 


0.6427876)0.7660444 
-6430104| .7658574 
-6432332| .7656704 
-6434559]|, .7654832 
- 6436785] .7652960 
-6439011} .7651087 
-6441236| .7649214 
-6443461| .7647340 
-6445685| .7645465 
-6447909| .7643590 
0.6450132)0.'7641714 


.6452355| .7639838 





.6454577| .7637960 || 


-6456798| .7636082 
-6459019| .7634204 
- 6461240] .7632325 


- 6463460) .7630445 


- 6465679) .7628564 


-6467898| .7626683 || 


-6470116| .7624802 
0..6472334]0.7622919 


: 6476767) .7619152 


- 6478984] .7617268}| 
-6481199| .7615383) 


- 6483414] .7613497 
.6485628| .7611611 
.6487842| .7609724 


- 6490056 | .7607837 || 


.6492268| .7605949 


0.6494480|0.7604060 | 


.6496692| .7602170]| 
-6498903| .7600280 || 
.6501114| .7598389 |) 
.6503324| .7596498 || 


-6505533| .7594606 


- 6507742] .7592713)| 


-6509951) .7590820 


-6512158| .7588926 || 
.6514365| .7587031 | 
{0.6516572|0.7585136 


.6518778]| .7583240 |) 
.6520984| .7581343 || 
.6523189| .7579446 |} 
.6525394| .7577548), 





.6527598| .7575650 
.6529801| .7573751 


.6532004| .7571851) 


-6534206| .7569951 
.6536408] .7568050 
|0.6538609 |0.7566148 


.6540810]  .7564246 
.6543010} .7562343 
.6545209| .7560439 
.6547408] .7558535 
.6549607| .7556630 
.6551804} .7554724 
. 6554002 | -.7552818 


-6556198} .7550911)| 


-6558395| .7549004 
0.6560590)0 .7547096 





Cosine Sine 


50° 








Cosine Sine 


49° 





|0.6604386 | 0. 7508800 
16474551] .'7621036]) 


|0.6647959 | 0.7470251 








41° 


Sine Cosine 





-6562785| .7545187 
-6564980| .7543278 
-6567174| .7541368 
-6569367| .7539457 
-6571560} .7537546 
-6573752| .7535634 
-6575944| .7533721 
-6578135]| .7531808 
-6580326| .7529894 
0. 6582516 | 0.7527980 


-6584706| .7526065 
-6586895| .7524149 
- 6589083] .7522233 
-6591271] .7520316 
-6593458| .7518398 
-6595645| .7516480 
-6597831| .7514561 
-6600017| .7512641 
-6602202| .7510721 


6606570| .7506879 
6608754| .7504957 
6610936| .7503034 
°6613119| .7501111 
6615300| .7499187 
6617482| .7497262 
-6619662| .7495337 
6621842] .7493411 
6624022| . 7491484 
0 .6626200|0.7489557 


-6628379| .7487629 
.6630557 | .7485701 
.6632734| .7483772 
.6634910| .7481842 
-6637087 | .7479912 
. 6639262] .7477981 
.6641437| .7476049 
.6643612| .7474117 
.6645785]| .7472184 


.6650131| .7468317 
.6652304| .7466382 
.6654475| .7464446 
-6656646| .7462510 
-6658817| .7460574 
.6660987| .7458636 
.6663156| .7456699 
.6665325| .7454760 
.6667493| .7452821 
0.6669661)| 0.74508381 


.6671828| .7448941 
.6673994| .7446999 
.6676160| .7445058 
.6678326| .7443115 
.6680490] .7441173 
.6682655| .7439229 
.6684818] .7437285 
.6686981] .7435340 
6689144] . 7433394 
0.6691306|0.7431448 


48° 





Cosine Sine | 


0.6560590|0.7547096| 60 


Or NwWRAON 


xX 
212 TABLE XXVII.—NATURAL SINES AND COSINES 





42° 43° 44° 
Sine Cosine Sine Cosine Sine Cosine 


. 6691306 |0.7431448]|0.6819984|0.7313537 ||0.6946584]0.7193398| 60 
.6693468) .7429502|| .6822111] .7311553]| .6948676] .7191377| 59 
- 6695628] .7427554|| .6824237| .7309568]| .6950767] .7189355| 58 
-6697789] .7425606]| .6826363] .7307583]| .6952858] .7187333| 57 
-6699948] .7423658]| .6828489] .7305597|| .6954949| .7185310] 56 
-6702108] .7421708]| .6830613] .7303610}| .6957039} .7183287] 55 
- 6704266] .7419758]|| .6832738] .7301623]| .6959128| .7181263] 54 
-6706424| .7417808]|| .6834861] .7299635|| .6961217] .7179238| 53 
-6708582| .7415857]| .6836984| .7297646]| .6963305| .7177213] 52 
-6710739] .7413905]|} .6839107] .7295657|| .6965392} .7175187] 51 
0.6712895/0.7411953||0.6841229|0.7293668]|0.6967479|0.7173161| 50 


11 | .6715051} .7410000]| .6843350| .7291677|| .6969565| .7171134] 49 
12 | .6717206| .7408046}| .6845471| .7289686|| .6971651} .7169106] 48 
13 | .6719361} .7406092|| .6847591| .7287695|| .6973736| .7167078] 47 
14 | .6721515] .7404137]| .6849711] .7285703|| .6975821] .7165049] 46 
15 | .6723668] .7402181]| .6851830} .7283710]| .6977905] .7163019| 45 
16 | .6725821] .7400225|| .6853948] .7281716]|| .6979988] .7160989] 44 
17 | .6727973| .7398268]| .6856066] .7279722|| .6982071] .7158959| 43 
18 | .6730125| .7396311]| .6858184| .7277728]| .6984153] .7156927]| 42 
19 | .6732276| .7394353]| .6860300| .7275732|| .6986234] .7154895] 41 
20 |0.6734427 |0.7392394||0.6862416|0.7273736||0.6988315|0.7152863) 40 


21 | .6736577| .7390435|| .6864532|] .7271740]| .6990396| .7150830] 39 
22 | .6738727| .7388475|| .6866647| .7269743|| .6992476| .7148796| 38 
23 | .6740876| .7386515|| .6868761| .7267745|| .6994555] .7146762| 37 
24 | .6743024] .7384553|| .6870875| .7265747|| .6996633| .7144727]| 36 
25 | .6745172) .7382592|| .6872988} .7263748|| .6998711| .7142691] 35 
26 | .6747319| .7380629|| .6875101| .7261748]] .7000789| .7140655]| 34 
27 | .6749466| .7378666]| .6877213] .7259748]| .7002866| .7138618| 33 
28 | .6751612| .7376703]| .6879325] .7257747]| .7004942| .7136581| 32 
29 | .6753757| .7374738|| .6881435| .7255746|| .7007018| .7134543) 31 
30 |0.6755902/0.7372773||0.6883546|0.7253744||0.7009093|0.7132504| 30 


31 | .6758046] .7370808]|| .6885655| .7251741]| .7011167| .7130465] 29 
32 | .6760190| .7368842|| .6887765| .7249738|| |.7013241] .7128426] 28 
33 | .6762333] .7366875|| .6889873] .7247734|| .7015314] .7126385] 27 
34 | .6764476] .7364908]| .6891981] .7245729]| .7017387] .7124344| 26 
35 | .6766618] .7362940|| .6894089] .7243724|] .7019459] .7122303| 25 
36 | .6768760| .7360971]| .6896195] .7241719|| .7021531] .7120260| 24 
37 | .6770901| .7359002|| .6898302| .7239712]] .7023601} .7118218| 23 
38 | .6773041| .7357032|| .6900407] .7237705|| .7025672) .7116174| 22 
39 | .6775181| .7355061]| .6902512| .7235698|| .7027741] .7114130| 21 
40 |0.6777320|0.7353090)|0.6904617|0.7233690||0.7029811]0.7112086] 20 


41 | .6779459| .7351118]| .6906721| .7231681]} .7031879] .7110041| 19 
42 6781597) .7349146|| .6908824| .7229671|| .7033947| .7107995] 18 
43 | .6783734| .7347173|| .6910927| .7227661|| .7036014| .7105948| 17 
44 | .6785871| .7345199|| .6913029| .7225651|| .7038081| .7103901| 16 
45 | .6788007| .7343225)) .6915131| .7223640|| .7040147] .7101854] 15 
46 | .6790143] .7341250]| .6917232] .7221628|| .7042213] .7099806| 14 
47 | .6792278] .7339275|| .6919332| .7219615|| .7044278] .7097757| 13 
48 | .6794413] .7337299|| .6921432] .7217602|| .7046342] .7095707| 12 
49 | .6796547| .7335322|| .6923531| .7215589|| .7048406] .7093657| 11 
50 |0.6798681]0.7333345)|0.6925630|0.7213574||0.7050469/0.7091607| 10 








o 


_ 
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51 | .6800813| .7331367]|| .6927728] .7211559|| .7052532| .7089556| 9 
52 | .6802946] .7329388]| .6929825| .7209544|| .7054594] .7087504| 8 
53 | .6805078] .7327409]| .6931922] .7207528|| .7056655| .7085451| 7 
54 | .6807209| .7325429]| .6934018] .7205511|| .7058716| .7083398| 6 
55 | .6809339| .7323449|| .6936114] .7203494|| .7060776] .7081345| 5 
56 | .6811469| .7321467]| .6938209] .7201476|| .7062835| .7079291| 4 
57 | .6813599| .7319486]| .6940304| .7199457|| .7064894| .7077236| 3 
58 | .6815728] .7317503]| .6942398] .7197438|| .7066953] .7075180| 2 
59 | .6817856] .7315521]| .6944491| .7195418]| .7069011| .7073124] 1 
60 |0.6819984/0.7313537 ||0.6946584|0.7193398||0.7071068]0.7071068| 0 
Cosine Sine Cosine Sine Cosine Sine, 
mma | |e ee , 
47° 46° 45° 


SE ES 


TABLE XXVIII.—NATURAL TANGENTS—COTANGENTS 213 





0° 1° 2s 
Tangent |Cotangent|| Tangent |Cotangent|| Tangent | Cotangent 


0.0000000} Infinite |/0.0174551/57 . 289962]|/0. 0349208] 28.636253| 60 
- 0002909 | 3437 .7467|| .0177460|56.350590]| .0352120|28.399397] 59 
-0005818}1718.8732]| .0180370|55.441517]| .0355033|28. 166422) 58 
- 0008727 |1145.9153}} .0183280]54.561300|| .0357945 | 27 .937233] 57 
- 0011636 |859.43630]| .0186190|53.708588)| .0360858 | 27.711740] 56 
. 0014544 |687 .54887]|| .0189100}52.882109}| .0363771 | 27 .489853| 55 
-0017453)572.95721|| .0192010}52.080673|| .0366683 | 27 .271486| 54 
- 0020362 }491.10600|| .0194920]51.303157|| .0369596 | 27 .056557| 53 
-0023271|429.71757|| .0197830]50.548506]| .0372509 | 26. 844984] 52 
-0026180)381.97099}) .0200740}49.815726]| .0375422|26.636690} 51 

10 |0.0029089 |343.77371]/0.0203650] 49. 103881 ||0 .0378335 | 26.431600| 50 


11 | .0031998/312.52137]| .0206560)/48.412084||} .0381248 | 26.229638]| 49 
12 | .0034907|286.47773]| .0209470|47.739501]| .0384161)26.030736| 48 
13 | .0037816|264.44080]| .0212380)47 .085343}| .0387074125.834823] 47 
14 | .0040725/245.55198}| .0215291)46.448862|| .0389988)25.641832| 46 
15 | .0043634/229.18166]| .0218201]45.829351]| .0392901}25.451700| 45 
16 | .0046542/214.85762|| .0221111]45.226141]| .0395814|25.264361| 44 
17 | .0049451/202.21875]| .0224021/44.638596 || .0398728|25.079757| 43 
18 | .0052360|190.98419]| .0226932]44.066113]| .0401641|24.897826| 42 
19 | .0055269/180.93220]| .0229842)/43.508122)| .0404555|24.718512| 41 
20 |0.0058178)171.88540]/0.0232753 | 42 .964077 ||0.0407469 | 24.541758] 40 


21 | .0061087/}163.70019]}| .0235663|42.433464]| .0410383 | 24.367509) 39 
22 | .0063996|156.25908]| .0238574]41.915790]| .0413296 | 24.195714) 38 
23 | .0066905|149.46502|| .0241484/41.410588]| .0416210) 24 .026320| 37 
24 | .0069814/143.23712}]| .0244395/40.917412}| .0419124/23.859277| 36 
25 | .0072723|137.50745]| .0247305|40.435837 || .0422038]23.694537| 35 
26 | .0075632|132.21851}| .0250216/39.965461]| .0424952|23.532052] 34 
27 | .0078541)127.32134]| .0253127|39.505895]| .0427866|23.371777| 33 
28 | .0081450|122.77396]| .0256038)39.056771 || .0430781 | 23.213666| 32 
29 | .0084360/118.54018]| .0258948}38.617738]|\ .0433695 | 23 .057677| 31 
30 |0.0087269|114.58865]|0.0261859 | 38. 188459 ||0.0436609 | 22.903766| 30 


31 | .0090178|110.89205]| .0264770/37.768613]| .0439524|22.751892| 29 
32 | .0093087/107.42648]| .0267681|37.357892|| .0442438/22.602015) 28 
33 | .0095996|104.17094}| .0270592|36.956001]| .0445353]22.454096| 27 
34 | .0098905/101.10690]| .0273503}36.562659 || .0448268]22.308097| 26 
35 | .0101814/98.217943]| .0276414}36.177596]|| .0451183]22.163980} 25 
36 | .0104724/95.489475|| .0279325]35.800553)| .0454097 | 22.021710| 24 
37 | .0107633|92.908487 || .0282236|35.431282|| .0457012)21.881251] 23 
38 | .0110542/90.463336|| .0285148]35.069546]| .0459927 |21.742569| 22 
39 | .0113451)]88.143572|| .0288059]34.715115|| .0462842)21.605630] 21 
40 |0.0116361/85.939791]/0.0290970 | 34.367771 ||0 .0465757 | 21.470401! 20 


41 | .0119270/83.843507]| .0293882|34.027303]| .0468673]21.336851] 19 
42 | .0122179|81.847041]| .0296793|33.693509 || .0471588}]21.204949| 18 
43 | .0125088|79 .943430]| .0299705/33.366194|| .0474503)21.074664| 17 
44 | .0127998/78.126342]| .0302616}33.045173|| .0477419]20.945966| 16 
45 | .0130907/76.390009]} .0305528)32.730264 || .0480334 | 20. 818828) 15 
46 | .0133817|74.729165]|| .0308439|32.421295]| .0483250}20.693220| 14 
47 | .0136726|73.138991)|| .0311351]32.118099]| .0486166}20.569115) 13 
48 | .0139635|71.615070]| .0314263/31.820516]| .0489082|20.446486| 12 
49 | .0142545/70.153346]| .0317174/31.528392|| .0491997 |20.325308) 11 
50 |0.0145454|68.750087 ||/0.0320086 | 31.241577 ||0.0494913 | 20. 205553) 10 


51 | .0148364|67.401854|| .0322998/30.959928]| .0497829 |20.087199] 9 

52 | .0151273|66.105473]|| .0325910|30.683307 || .0500746 | 19.970219 

53 | .0154183|64.858008|| .0328822|30.411580]| .0503662)19.854591] 7 

54 | .0157093|63.656741]| .0331734|30.144619|]} .0506578)19.740291| 6 

55 | .0160002|62.499154]| .0334646|29.882299|| .0509495/19.627296| 5 

56 | .0162912)61.382905|| .0337558)29.624499}) .0512411)19.515584 . 
2 
1 
0 





CONOR CoH O| ~ 








57 | .0165821|60.305820|| .0340471)29.371106]| .0515328/19. 405133 
58 | .0168731)/59.265872|| .0343383)|29.122005}| .0518244/19. 295922 
59 | .0171641|58.261174|| .0346295/28.877089]|| .0521161/19.187930 
60 |0.0174551| 57 .289962}/0.0349208 | 28. 636253 ||0.0524078/ 19 .081137 


Cotangent! Tangent ||Cotangent! Tangent ||Cotangent| Tangent 


89° 88° 87° 


X 
TABLE XXVIII.—NATURAL TANGENTS 









































214 
° ° ° 
; 3 : ee) Se F 
Tangent _|Cotangent|} Tangent |Cotangent|| Tangent |Cotangent Vide 
“0 |0.0524078] 19. 081137]|0. 0699268] 14. 300666]|0.0874887|11.430052| 60 
1 .0526995/18.975523]| .0702191}14.241134]| .0877818)11.391885} 59 
2 | .0529912/18.871068]| .0705115|14.182092]| .0880749/}11.353970] 58 
3 | .0532829]18.767754|| .0708038/14.123536]| .0883681]11.316304| 57 
4 | .0535746|18.665562}| .0710961]14.065459|| .0886612]11.278885] 56 
5 | .0538663|18.564473]| .0713885|14.007856|| .0889544|11.241712] 55 
6 | -.0541581|18.464471]| .0716809/13.950719]| .0892476/11.204780] 54 
7 | .0544498]18.365537]| .0719733]13.894045]| .0895408]11.168089] 53 
8 | .0547416]18.267654|| .0722657|13.837827]|| .0898341|/11.131635] 52 
9 | .0550333]18.170807|| .0725581/13.782060|| .0901273/11.095416] 51 
10 |0.0553251!18.074977 ||0.0728505] 13.726738]|0.0904206]11.059431| 50 
11 | .0556169/17.980150|| .0731430|13.671856]| .0907138|11.023676| 49 
12 | .0559087|17.886310]| .0734354]13.617409]| .0910071]10.988150] 48 
13 | .0562005|17.793442|| .0737279|13.563391]| .0913004|10.952850] 47 
14 | .0564923]17.701529|} .0740203|13.509799}| .0915938|10.917775| 46 
15 | .0567841]17.610559]} .0743128|13.456625|| .0918871]10.882921| 45 
16 | .0570759|17.520516]| .0746053]13.403867|| .0921804]10.848288] 44 
17 | .0573678] 17 .431385|| .0748979|13.351518]| .0924738/10.813872| 43 
18 | .0576596]17.343155]| .0751904/13.299574|| .0927672110.779673] 42 
19 | .0579515|17.255810]|| .0754829|13.248031]| .0930606]10.745687] 41 
20 |0.0582434| 17. 169337 ||0.0757755| 13. 196883||0.0933540|10.711913] 40 
21 | .0585352|17.083724]|| .0760680|13.146127]| .0936474|10.678348] 39 
22 | .0588271]16.998957]| .0763606|13.095757|| .0939409|10.644992] 38 
23 | .0591190}16.915025|| .0766532}13.045769]| .0942344/10.611841| 37 
24 | .0594109)16.831915]| .0769458}12.996160]| .0945278/10.578895] 36 
25 | .0597029/16.749614]| .0772384|12.946924]| .0948213/10.546151] 35 
26 | .0599948/16.668112]| .0775311]12.898058]]} .0951148|10.513607| 34 
27 | .0602867|16.587396|| .0778237|12.849557|| .0954084/10.481261] 33 
28 | .0605787]16.507456]| .0781164}12.801417]| .0957019|10.449112| 32 
29 | .0608706/16.428279|| .0784090|12.753634]| .0959955|10.417158] 31 
80 |0.0611626/16.349855||0.0787017 | 12.706205}|0.0962890|10.385397] 30 
31 | .0614546/16.272174|| .0789944/12.659125|| .0965826]10.353827| 29 
32 | .0617466]16.195225|| .0792871]12.612390]| .0968763/10.322447| 28 
33 | .0620386/16.118998}| .0795798/12.565997|| .0971699|10.291255| 27 
34 | .0623306]16.043482|| .0798726|12.519942]| .0974635/10.260249| 26 
35 | .0626226/15.968667]| .0801653|12.474221]| .0977572]10.229428| 25 
36 | .0629147|15.894545]| .0804581]12.428831]] .0980509/10.198789| 24 
37 | .0632067/15.821105]| .0807509|12.383768]| .0983446]10.168332| 23 
38 | .0634988/15.748337|| .0810437]12.339028}| .0986383]10.138054| 22 
39 | .0637908/15.676233]| .0813365|12.294609]| .0989320110.107954| 21 
40 |0.0640829| 15.604784]|0.0816293]12.250505]|0.0992257|10.078031] 20 
41 -0643750|15.533981]| .0819221/12.206716|| .0995195]10.048283 19 
42 | .0646671)/15.463814]|| .0822150/12.163236]} .0998133]10.018708] 18 
43 | .0649592)15.394276]| .0825078]12.120062]} .1001071|9.9893050] 17 
44 | .0652513}15.325358]| .0828007|12.077192]| . 100400919 .9600724 16 
45 | .0655435/15.257052}| .0830936]12.034622|| .1006947|/9.9310088| 15 
46 | .0658356/15.189349]] .0833865]11.992349]| .1009886/9.9021125| 14 
47 | .0661278/15.122242]| .0836794]11.950371]| .101282419. 8733893 13 
48 | .0664199}15.055723]| .0839723/11.908682|| .1015763/9.8448166| 12 
49 | .0667121|14.989784|| .0842653]11.867282]| .1018702|9.8164140| 11 
50 |0.0670043) 14.924417//0.0845583]11.826167]|0.1021641/9.7881732] 10 
51 | .0672965/14.859616]| .0848512]11.785333]| .1024580/9.7600927) 9 
52 | .0675887|14.795372]| .0851442|11.744779|| .1027520/9.7321713| 8 
53 | .0678809|14.731679]| .0854372|11.704500]} .1030460/9.7044075| 7 
54 | .0681732)14.668529|| .0857302}11.664495]| .1033400/9.6768000] 6 
55 | .0684654/14.605916]| .0860233/11.624761]| .1036340/9.6493475| 5 
56 | .0687577|14.543833]| .0863163]11.585294|| .1039280/9.6220486| 4 
57 | .0690499|14.482273)| .0866094/11.546093]] .1042220/9.5949022| 3 
58 | .0693422/14.421230)| .0869025]11.507154/] .1045161]9.5679068| 2 
59 | .0696345/14.360696]| .0871956|11.468474]| .1048101|9.5410612! 1 
60 |0. 0699268] 14. 300666 ]|0. 0874887 |11.430052]|0. 1051042/9.5143645| Oo 
? Cotangent| Tangent ||Cotangent| Tangent ||Cotangent Tangent 
86° 85° 84° 
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AND COTANGENTS 


215 














° 
' 6 

_Tangent_|Cotangent 
0 10.1051042}9. 5143645 
q . 1053983 |9 .4878149 
2} .1056925/9.4614116 
3 | .1059866|9.4351531 
4 | .1062808/9.4090384 
5 | .1065750/9.3830663 
6 | .1068692 |9.3572355 
7 | .1071634|9.3315450 
8 | .1074576/9.3059936 
9 | .1077519]9.2805802 
10 |0.1080462|9. 2553035 
11 . 10834059 . 2301627 
12 | .1086348]9.2051564 
13 | .1089291/9.1802838 
14 . 1092234/9 . 1555436 
15 | .1095178)9. 1309348 
16 | .1098122|9. 1064564 
17 | .1101066/9.0821074 
18 | .1104010|9.0578867 
19 | .1106955]9 .0337933 
20 |0.1109899/9 .0098261 
21; .1112844/8.9859843 
22 | .1115789|8.9622668 
23 | .1118734)8.9386726 
24 | .1121680)8.9152009 
25 .1124625/8.8918505 
26 | .1127571)/8.8686206 
27 | .1130517|8.8455103 
28 | .1133463)]8.8225186 
29 | .1136410|/8.7996446 
80 |0.1139356|8.7768874 
31 .1142303/8.7542461 
32 .1145250/8.7317198 
33 | .1148197|8.7093077 
34 | .1151144|/8.6870088 
35 .1154092/8.6648223 
36 .1157039|8.6427475 
87 | .1159987|8.6207833 
88 | .1162936|8.5989290 
39 . 1165884] 8.5771838 
40 |0.1168832/8. 5555468 
41 | .1171781]8.5340172 
42 .1174730/8. 5125943 
43 | .1177679|8.4912772 
44 | .1180628|8.4700651 
45 | .1183578|8.4489573 
46 | .1186528/8.4279531 
47 | .1189478|8.4070511 
48 .1192428]8.3862519 
49 | .1195378|8.3655536 
50 |0.1198329]|8.3449558 
51 | .1201279|8.3244577 
52 | .1204230|8.3040586 
53 | .1207182/8.2837579 
54 | .1210133)8. 2635547 
55 | .1213085/8. 2434485 
56 | .1216036|8.2234384 
57 | .1218988]8.2035239 
58 | .1221941|8.1837041 
59 | .1224893|8.1639786 
60 0. 1227846|8. 1443464 
Cotangent! Tangent 

83° 





72 
Tangent |Cotangent 
0.1227846/8. 1443464 
. 1230798/8. 1248071 
. 1233752 |8. 1053599 
. 1236705/8.0860042 
. 1239658 /8.0667394 
.1242612/8.0475647 
. 1245566 |8 .0284796 
. 1248520|8 .0094835 
.1251474]7 .9905756 
. 1254429 ]7 .9717555 
0.12573841|7 .9530224 
. 1260339 |7 .9343758 
.1263294]|7 .9158151 
. 1266249 |7 . 8973396 
.1269205|7 .8789489 
. 12721617 . 8606423 
.1275117|7 . 8424191 
. 1278073 |7 . 8242790 
. 1281030]7 . 8062212 
. 1283986 |7 . 7882453 
0. 12869437 .7703506 
.1289900|7 .7525366 
.1292858]7 .7348028 
.1295815|7 .7171486 
.1298773|7 .6995735 
.1301731|7 .6820769 
. 1304690 |7 .6646584 
.13807648|7 .6473174 
. 1310607 |7 .6300533 
. 1313566 |7 .6128657 
0.1316525|7 .5957541 
. 1319484 ]|7 .5787179 
.1322444|7 .5617567 
.1325404|7 . 5448699 
. 1328364|7 .5280571 
.1331324]7 .5113178 
.1334285|7 .4946514 
. 1837246 |7 .4780576 
. 1340207 |7 . 4615357 
.13843168|7 .4450855 
0.1346129|7 .4287064 
.1349091]|7 .4123978 
. 1352053 |7 .3961595 
.1355015|7 .38799909 
. 13579787 .3638916 
. 13609407 . 3478610 
. 1363903 |7 . 3318989 
. 1366866 |7 .3160047 
. 1369830|7 .3001780 
. 13727937 . 2844184 
0. 1375757 |7 . 2687255 
. 13787217 . 2530987 
.13881685|7 . 2375378 
. 1384650 |7 . 2220422 
. 138761517 . 2066116 
.1390580|7 . 1912456 
.1393545|7 . 1759437 
. 1396510|7 . 1607056 
.1399476|7 .1455308 
.1402442]7 . 1304190 
0.1405408]7 . 1153697 





Cotangent| Tangent 


82° 








8° 
Tangent |Cotangent 
0.1405408]7 . 1153697 
. 1408375)7 . 1003826 
.1411342]7 .0854573 
. 1414308] 7 .0705934 
. 1417276] 7 .0557905 
. 1420243] 7 .0410482 
.1423211]7 .0263662 
.1426179|7.0117441 
. 1429147] 6.9971816 
. 1432115] 6.9826781 
0.1435084] 6 .9682335 
. 14388053] 6 .9538473 
. 1441022] 6 .9395192 
. 1443991] 6 .9252489 
. 1446961]6.9110359 
. 1449931} 6 .8968799 
. 1452901] 6. 8827807 
. 1455872) 6 . 8687378 
. 1458842] 6 . 8547508 
. 1461813] 6 .8408196 
0.1464784] 6 .8269437 
. 1467756] 6 .8131227 
. 1470727] 6.7993565 
. 1473699] 6 .7856446 
. 1476672] 6 .7719867 
. 1479644] 6.7583826 
. 1482617]6.7448318 
. 1485590] 6.7313341 
. 1488563] 6.7178891 
. 1491536] 6 .7044966 
0.1494510|6.6911562 
. 1497484] 6 .6778677 
. 1500458] 6 .6646307 
. 1503433] 6.6514449 
. 1506408] 6 .6383100 
. 1509383] 6 .6252258 
. 1512358] 6.6121919 
. 1515333] 6 . 5992080 
. 1518309] 6 . 5862739 
. 1521285] 6 . 5733892 
0.1524262] 6. 5605538 
. 1527238] 6. 5477672 
. 1530215] 6. 5350293 
. 1533192] 6. 5223396 
. 1536170] 6 . 5096981 
. 1539147| 6 .4971043 
.1542125|6. 4845581 
. 1545103] 6 .4720591 
. 1548082|6 . 4596070 
.1551061] 6 .4472017 
0.1554040] 6 . 4348428 
. 1557019] 6 . 4225301 
. 1559998] 6 . 4102633 
. 1562978] 6 . 3980422 
. 1565958] 6 . 3858665 
. 1568939] 6 . 3737359 
.1571919]6 . 3616502 
. 1574900] 6 . 3496092 
.1577881|6 .3376126 
.1580863]6 .3256601 
0.1583844|6.3137515 
Cotangent| Tangent 
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9° 10° 11° 
, 
Tangent |Cotangent|| Tangent |Cotangent|| Tangent |Cotangent ere 
“0 10. 1583844]6.3137515||0. 1763270] 5.6712818]|0. 1943803|5. 1445540 
1 .1586826/6.3018866]} .1766269|5.6616509]| .1946822]5.1365763 
2 | .1589809}6.2900651]| .1769269}5.6520516|| .1949841/5. 1286224 
3 | .159279116.2782868]| .1772269]5.6424838]| .1952861/5.1206921 
4 | .1595774]6.2665515|| .1775270|5.6329474|| .1955881|]5.1127855 
5 | .1598757/6.2548588]| .1778270|5.6234421|| .1958901/5. 1049024 
6 .1601740/6 . 2432086]] .1781271/5.6139680]|| .1961922|5.0970426 
7 | .1604724|6.2316007|| .1784273|5.6045247|| .1964943/5.0892061 
8 | .1607708|6.2200347|| .1787274|5.5951121]| .1967964|5.0813928 
9 .1610692]6.2085106|| .1790276|5.5857302]| .1970986/5.0736025 
10 |0.1613677|6.1970279]|0. 1793279) 5.5763786||0. 1974008] 5.0658352 
11 . 1616662 |6.1855867|| .1796281|5.5670574|| .1977031|5.0580907 
12 . 1619647 |6.1741865]! .1799284|5.5577663)|| .1980053|5.0503690 
13 . 1622632|6.1628272|| .1802287|)5.5485052|| .1983076/5.0426700 
14 | .1625618/6.1515085]! .1805291|5.5392740|| .1986100/5.0349935 
15 | .1628603/6.1402303]} .1808295|5.5300724|| .1989124)5.0273395 
16 | .1631590]6.1289923]| .1811299|5.5209005]|| .1992148/5.0197078 
17 | .163457616.1177943]| .1814303|5.5117579]|] .1995172|5.0120984 
18 | .1637563|6.1066360|| .1817308|5.5026446|| .1998197/|5.0045111 
19 .1640550|6.0955174]| .1820313|5.4935604|| .2001222)4.9969459 
20 |0. 1643537 |6 .0844381]|0. 1823319] 5.4845052/|/0. 2004248] 4.9894027 
21 | .1646525/6.0733979]| .1826324|5.4754788]| .2007274|4.9818813 
22 | .1649513/6.0623967]| .1829330|5.4664812]| .2010300/4.9743817 
23 | .1652501/6.0514343]] .1832337|5.4575121]| .2013327/4.9669037 
24 | .1655489/6.0405103]| .1835343|5.4485715]| .2016354/4.9594474 
25 | .1658478]6.0296247|| .1838350|5.4396592]| .2019381]4.9520125 
26 .1661467}6 .0187772|| .1841358|5.4307750|| .2022409|4.9445990 
27 | .1664456/6.0079676|| .1844365)5.4219188]| .2025437/4.9372068 
28 | .1667446|5.9971957|| .1847373|5.4130906]|| .2028465/4.9298358 
29 . 1670436/5.9864614]| .1850382|5.4042901]| .2031494]4.9224859 
30 |0.1673426|5.9757644]|0. 1853390] 5.3955172]|0. 2034523]4.9151570 
31 -1676417/5.9651045]| .1856399|5.3867718]|| .2037552|4.9078491 
32 | .1679407|5.9544815]| .1859409|5.3780538]| .2040582]4.9005620 
33 .1682398]5.9438952|| .1862418|5.3693630]| .2043612)4.8932956 
34 | .1685390]5.9333455]| .1865428)5.3606993]| .2046643)]4.8860499 
35 | .1688381]5.9228322]| .1868439|5.3520626|| .2049674/4.8788248 
36 | .1691373|5.9123550|| .1871449]5.3434527]|| .2052705)4.8716201 
37 . 1694366]5.9019138]|| .1874460|5.3348696]| .2055737]4.8644359 
38 | .1697358)/5.8915084}| .1877471]5.3263131]| .2058769]4.8572719 
39 -1700351]5.8811386|} .1880483|5.3177830]} .2061802)4.8501282 
40 |0.1703344/5.8708042}|0. 1883495|5.3092793]|0. 2064834] 4. 8430045 
41 -1706338)5.8605051]} .1886507]5.3008018]| .2067867|4.8359010 
42 | .1709331}5.8502410]| .1889520]5.2923505|| .2070900/4.8288174 
43 | .1712325/5.8400117]| .1892533|5.2839251|| .2073934|4.8217536 
44 | .1715320/5.8298172]|| .1895546|5.2755255|| .2076968| 4.8147096 
45 | .1718314}5.8196572]| .1898559}5.2671517|| .2080003]4.8076854 
46 | .1721309}5.8095315]| .1901573]5.2588035|| .2083038]4.8006808 
47 | .1724304|5.7994400}| .1904587]5.2504809|] .2086073]4.7936957 
48 | .1727300|5.7893825|| .1907602]5.2421836|| .2089109| 4.7867300 
49 | .1730296/5.7793588]] .1910617]5.2339116|| .2092145|4.7797837 
50 |0.1733292/5.7693688 ||0. 1913632|5.2256647/10.2095181|4.7728568 
51 - 1736288) 5.7594122|| .1916648]5.2174428]| 2098218] 4.7659490 
§2 | .1739285|5.7494889|| .1919664|5.20$2459|| .2101255/4.7590603 
53 | .1742282|5.7395988]| .1922680]|5.2010738|| .2104293]4.7521907 
54 | .1745279|5.7297416|| .1925696|5.1929264|| .2107331|4.7453401 
55 | .1748277|5.7199173]| .1928713]5.1848035|| .2110369|4.7385083 
56 | .1751275|5.7101256|| .1931731]5.1767051|| .2113407|4.7316954 
57 | .1754273|5.7003663|| .1934748|5.1686311|| .2116446|4.7249012 
58 | .1757272|5.6906394|| .1937766|5.1605813]| .2119486|4.7181256 
59 | .1760271|5.6809446]| .1940784|5.1525557|| .2122525|4.7113686 
60 |0.1763270|5.6712818]|/0.1943803)5.1445540]|0.2125566|4.7046301 
c Cotangent! Tangent |/Cotangent! Tangent ||Cotangent| Tangent | _ 
80° 79° 78° 
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‘ 12° 

___| _Tangent_ Cotangent 
0 |0.2125566|4.7046301 
1 | .2128606|/4.6979100 

2 | .2131647|4.6912083 
3 | .2134688]4.6845248 
4 | .2137730|4.6778595 
5 | .2140772]4.6712124 
6 | .2143814|4.6645832 
7 | .2146857|4.6579721 
8 | .2149900]4.6513788 
9 | .2152944|4. 6448034 
10 |0.2155988|4.6382457 
11 | .2159032/4.6317056 
12 | .2162077|4.6251832 
13 | .2165122|4.6186783 
14 | .2168167|4.6121908 
15 | .2171213]4.6057207 
16 | .2174259/4.5992680 
17 | .2177306|4.5928325 
18 | .2180353|4.5864141 
19 | .2183400]4.5800129 
20 |0.2186448|4.5736287 
21 | .2189496|4.5672615 
22 | .2192544/4.5609111 
23 | .2195593/4.5545776 
24 | .2198643]4.5482608 
25 | .2201692/4. 5419608 
26 | .2204742|4.5356773 
27 | .2207793|4.5294105 
28 | .2210844]4.5231601 
29 | .2213895]4.5169261 
30 |0.2216947|4.5107085 
31 | .2219999|4.5045072 
32 | .2223051/4.4983221 
33 | .2226104/4.4921532 
34 | .2229157|4.4860004 
35 | .2232211|4.4798636 
36 | .2235265|4.4737428 
87 | .2238319|4.4676379 
38 | .2241374|4.4615489 
39 | .22944429|4.4554756 
40 |0.2247485|4.4494181 
4% | .2250541|4.4433762 
42 | .2253597|4.4373500 
143 | .2256654/4.4313392 
144 | .2259711|4.4253439 
145 | .2262769|4.4193641 
16 | .2265827|4.4133996 
47 | .2268885|4.4074504 
48 | .2271944|4.4015164 
49 | .2275003|4.3955977 
50 10.2278063|4.3896940 
151 | .2981123/4.3838054 
152 | (9984184|4.3779317 
153 | |2987244|4.3720731 
54 | 2290306 |4 . 3662293 
35 | |2293367|4.3604003 
56 | .2296429|4.3545861 
57 | .2299492|4.3487866 
58 | .2302555|4.3430018 
159 | .2305618]4.3372316 
}30_|0. 2308682 4..3314759 
Cotangent! Tangent 
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13° 
Tangent | Cotangent 
0.2308682|4.3314759 
.2311746|4.3257347 
.2314811}4.3200079 
.2317876|4.3142955 
. 2320941] 4.3085974 
. 2324007 |4.3029136 
. 2327073) 4. 2972440 
.2330140|4.2915885 
. 2333207 | 4. 2859472 
. 233627414. 2803199 
0.2339342|4.2747066 
.2342411|4.2691072 
. 2345479 |4.2635218 
.2348548]4.2579501 
. 2351617 |4. 2523923 
. 2354687 |4. 2468482 
.2357758|4. 2413177 
. 2360829 |4. 2358009 
. 2363900|4.2302977 
. 2366971)|4.2248080 
0.2370044|4.2193318 
.2373116|4.2138690 
. 2376189 |4. 2084196 
. 23792624. 2029835 
. 2382336 |4. 1975606 
.2385410/4.1921510 
. 2388485 ]4. 1867546 
.2391560/4. 1813713 
.2394635|4.1760011 
.2397711|4.1706440 
0. 2400788|4. 1652998 
. 24038644. 1599685 
.2406942|4.1546501 
.2410019|4.1493446 
. 2413097 |4.1440519 
.2416176|4.1387719 
. 241925514. 1335046 
. 2422334|4.1282499 
.2425414|4.1230079 
.242849414.1177784 
0.2431575/4.1125614 
. 2434656 |4. 1073569 
. 2437737 |4. 1021649 
. 2440819} 4 .0969852 
.2443902|4.0918178 
. 2446984] 4.0866627 
. 2450068} 4.0815199 
. 2453151} 4.0763892 
. 2456236 |4.0712707 
.2459320|4.0661643 
0. 2462405] 4.0610700 
. 2465491 | 4.0559877 
. 2468577 | 4.0509174 
. 2471663 | 4.0458590 
.2474750|4.0408125 
. 2477837 |4.0357779 
. 2480925 | 4.0307550 
. 2484013 | 4.0257440 
.2487102|4.0207446 
.2490191|4.0157570 
0.2493280|4.0107809 
Cotangent! Tangent 
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14° ; 
Tangent | Cotangent 
0. 2493280/4.0107809| 60 
. 2496370 |4.0058164| 59 
.2499460|4.0008636] 58 
.2502551-}3.9959223| 57 
. 2505642 |3.9909924| 56 
.2508734|3.9860739| 55 
.2511826|3.9811669| 54 
.2514919|3.9762712] 53 
.2518012|3.9713868] 52 
.2521106/3.9665137| 51 
0.2524200|3.9616518] 50 
.2527294/|3.9568011} 49 
. 2530389 |3.9519615| 48 
. 2533484 |3.9471331]. 47 
. 2536580 |3.9423157| 46 
. 2539676 |3.9375094| 45 
.2542773|3.9327141| 44 
.254587013.9279297)| 43 
. 2548968 |3.9231563| 42 
. 2552066 |3.9183937| 41 
0.2555165/3.9136420] 40 
.2558264|3.9089011| 39 
.2561363|3.9041710| 38 
.2564463|3.8994516| 37 
.2567564|3.8947429| 36 
.2570664|3.8900448| 35 
. 2573766 |3.8853574| 34 
.2576868|3. 8806805] 33 
.2579970|3.8760142| 32 
. 2583073 |3.8713584| 31 
0. 2586176 |3.8667131| 30 
. 2589280 |3 .8620782| 29 
. 2592384 |3.8574537| 28 
. 2595488 |3.8528396| 27 
. 2598593 |3.8482358| 26 
. 2601699 |3.8436424| 25 
. 2604805 |3.8390591) 24 
. 2607911 |3.8344861| 23 
.2611018)|3.8299233] 22 
.2614126|3.8253707| 21 
0.2617234|3.8208281| 20 
. 2620342 |3.8162957)} 19 
. 2623451 |3.8117733] 18 
. 2626560 |3.8072609| 17 
.262967013.8027585] 16 
. 2632780 |3.7982661) 15 
. 2635891 |3.7937835| 14 
. 2639002 |3.7893109} 13 
.264211413.7848481| 12 
. 2645226 |3.7803951) 11 
0. 2648339 |3.7759519| 10 
.2651452 |3.7715185| 9 
2654566 |3.7670947| 8 
2657680 |3.7626807| 7 
. 2660794 |3.7582763| 6 
. 2663909 13.7538815| 5 
.2667025/3.7494963) 4 
.2670141]3.7451207| 3 
. 2673257 |3.7407546| 2 
.2676374|3.7363980| 1 
0.2679492|3.7320508} 0 
Cotangent| Tangent 
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15° 16° 17° , 
/ 
Tangent |Cotangent|| Tangent |Cotangent|| Tangent Cotangent — 
0 |0.2679492|3.7320508||0. 2867454]3.4874144||0. 3057307 |3.2708526| 60 
t » 5882610 3.7277131|| .2870602|3.4835896|| .3060488]3. 2674529] 59 
2 | .2685728|3.7233847|| .2873751|3.4797726|| .306367013.2640596| 58 
3 | .2688847|3.7190658]| .2876900|3.4759632|| . 306685213. 2606728] 57 
4 | .2691967|3.7147561|| .2880050|3.4721616|| .3070034)3.2572924| 56 
5 | .2695087/3.7104558|| .288320113.4683676|| .3073218|3.2539184| 55 
6 | .2698207]3.7061648]| .2886352/3.4645813|| .3076402|3.2505508| 54 
7 | .2701328]3.7018830]|| .2889503|3.4608026|| .3079586|3.2471895| 53 
8 | .2704449|3.6976104]] .2892655|3.4570315|| .3082771|3.2438346] 52 
9 | .2707571|3.6933469|| .2895808|3.4532679|| .3085957|3.2404861| 51 
10 |0.2710694/3.6890927 ||0. 2898961]|3.4495120/|0.3089143|3.2371438| 50 
11 | .2713817/3.6848475|| .2902114|3.4457635]| .3092330/3.2338078| 49 
12 | .2716940]3.6806115]] .2905269|3.4420226|| .3095517|3.230478C| 48 
13 | .2720064/3.6763845]| .2908423|3.4382891|| .3098705|3.2271546| 47 
14 | .2723188]3.6721665|| .2911578/3.4345631|| .3101893|3.2238373| 46 
15 | .2726313|3.6679575|| .291473413.4308446|| .3105083|3.2205263| 45 
16 | .2729438]3.6637575|| .2917890|3.4271334|| .3108272!13.2172915| 44 
17 | .2732564/3.6595665|| .2921047|3.4234297|| .311146213.2139228| 43 
18 | .2735690|3.6553844|| .2924205|3.4197333|| .3114653/3.2106304| 42 
19 | .2738817}3.6512111|| .2927363|3.4160443|| _3117845|3.2073440| 41 
20 |0.2741945|3.6470467 ||0.2930521/3.4123626||0.3121036|3.2040638| 40 
21 | .2745072]3.6428911|| .2933680]3.4086882|| .3124229]3.2007897| 39 
22 | .2748201/3.6387444|| .2936839]3.4050210|| .312742213.1975217| 38 
23 | .2751330/3.6346064|| .2939999|3.4013612|| .3130616|3.1942597| 37 
24 | .2754459|/3.6304771|| .2943160]3.3977085|| .3133810|3.1910039| 36 
25 | .2757589]3.6263566|| .2948321/3.3940631|| .3137005|3.1877540| 35 
26 | .2760719]3.6222447|| .2949483]3.3904249]| .314020013.1845102| 34 
27 | .2763850/3.6181415|| .2952645|/3.3867938|| .314339613.1812724| 33 
28 | .2766981/3.6140469|| .2955808/3.3831699|| .314659313.1780406] 32 
29 | _.2770113]3.6099609|| .2958971|]3.3795531|| .3149790|3.1748147| 31 
30 |0.2773245/3 .6058835]|0.2962135|3.3759434|10.315298813.1715948| 30 
31 | .2776378)3.6018146|| .2965299]3.3723408]| .3156186|3.1683808) 29 
382 | .2779512|3.5977543]| .2968464|3.3687453|| .3159385|3.1651728| 28 
33 | .2782646)/3.5937024|| .2971630]3.3651568]| | 3162585|3.1619706| 27 
34 | .2785780)3.5896590]| .2974796|3.3615753|| .3165785|3.1587744| 26 
35 | .2788915]3.5856241|| .2977962|3.3580008|| .3168986|3.1555840| 25 
36 | .2792050/3.5815975|| .2981129]3.3544333]| .3172187|3.1523994| 24 
37 | .2795186/3.5775794|| .2984297|3.3508728]| .3175389|3.1492207| 23 
38 | .2798322/3.5735696|| .2987465/3.3473191|| .3178591|3.1460478| 22 
39 | .2801459/3.5695681|| .2990634]3.3437724|| .3181794|3.1428807| 21 
40 /0.2804597|3. 5655749]|0.2993803/3.3402326||0.3184998|3.1397194| 20 
41 | .2807735]3.5615900]| .2996973|3.3366997]| .318820213.1365639| 19 
42 | .2810873/3.5576133]| .3000144|3.3331736|| .3191407|3.1334141] 18 
43 | .2814012/3.5536449|/ .3003315]3.3296543]| .3194613/3.1302701| 17 
44 | .2817152/3.5496846|| .3006486/3.3261419|| .3197819|3.1271317| 16 
45 | .2820292/3.5457325)| .3009658]3.3226362]| .3201025/3.1239901] 15 
46 | . 282343213. 5417886|| .3012831]3.3191373]| . 320423213. 1208729] 14 
47 | .2826573/3.5378528|| .3016004|3.3156452|| |3207440/3.1177509| 13 
48 | .2829715)3.5339251|| .3019178]3.3121598|| .3210649|3.1146353| 12 
49 | .2832857/3.5300054|| .3022352/3.3086811]| .3213858/3.1115254| 11 
50 |0.2835999|3.5260938/)|0.3025527|3.3052091||0.3217067|3.1084210| 10 
51 | .2839143/3.5221902)| .3028703]3.3017438]| .322027813,1053223| 9 
52 | .2842286/3.5182946|| .3031879/3.2982851|| |3223489|3.1022001| 8 
53 | .2845430)/3.5144070}| .3035055|3.2948330]| |3226700/3.0991416] 7 
54 | .2848575)3.5105273]| .3038232|3.2913876|| |3229912/3 0960506] 6 
55 | .2851720/3.5066555)| .3041410/3.2879487]| 13233125/3 09298311 5 
56 | .2854866)3.5027916|| .3044588]3.2845164|| |3236338/3.0890120] 4 
57 | .2858012)3. 4989356) .3047767|3.2810907|| |3239552/3 0868468] 3 
58 | .2861159)/3.4950874/| .3050946]3.2776715|| |3242766|3.0837869] 2 
59 | .2864306/3.4912470]| .3054126|/3.2742588|| /3245981/3_0807325| 1 
60 _|0. 2867454 /3.4874144|/0.3057307|3.2708526||0.3249197|3.0776835| 0 
Cotangent! Tangent ||Cotangent Tangent ||Cotangent Tangent 
74° Tou 790 





, 
aa 


AND COTANGENTS 219 
18° 19° 20° 


Tangent |Cotangent|/| Tangent |Cotangent|} Tangent |Cotangent 


























. 7954537 || .3775361 
-7928917|| .3778685 
.7903339|| .3782010 
.7877802|| .3785335 
. 7852307 || .3788661 
-7826853|| .3791988 
-7801440}} .3795315 
.7776069|| .3798644 
.7750738]| .3801973 
- 7725448 ||0. 3805302 


-7700199}|] .3808633 
.7674991}| .3811964 
.7649822]| .3815296 
-7624695]| .3818629 
-7599608}| .3821962 
.7574561]| .3825296 
.7549554]| .3828631 
.7524588|| .3831967 


. 6487531) 19 
- 6464232) 18 
.6440969| 17 
-6417741| 16 
.6394549) 15 
.6371392] 14 
. 6348271) 13 
. 6325186] 12 
- 6302136] 11 
-6279121]| 10 


.6256141 
- 6233196 
- 6210286 
-6187411 
.6164571 
.6141766 
.6118995 
. 6096259 


.9572050}| .3577237 
.9543727|| .3580518 
.9515453]| .3583801 
-9487227|| .3587083 
.9459050}| .3590367 
.9430921]| .3593651 
.9402840]| .3596936 
. 9374807 || .3600222 
.9346822]| .3603508 
- 9318885 ||0.3606795 


.9290995]} .3610082 
.9263152]| .3613371 
.9235358]| .3616660 
.9207610]| .3619949 
.9179909 || .3623240 
.9152256]| .362653) 
.9124649]| .3629823 
.9097089}| .3633115 
f . 3440023 |}2.9069576]| .3636408|2.7499661)| .3835303|2.6073558 
60 0.3443276|2.9042109||0.3639702|2.7474774||0. 3838640] 2.6050891 


Cotangent|} Tangent ||Cotangent| Tangent |;Cotangent| Tangent = 


71° 70° 69° 


41 | .3381571 
42 | .3384813 
43 | .3388056 
44 | .3391299 
45 | .3394543 
46 | .3397787 
47 | .3401032 
48 | .3404278 
49 | .3407524 
50 |0.3410771 


51 | .3414019 
52 | .3417267 
53 | .3420516 
54 | .3423765 
55 | .3427015 
56 | .3430266 
57 | .3433518 
ee . 3436770 








0 |0.3249197|3.0776835]|0. 3443276] 2.9042109]|0.3639702|2.7474774| 60 
1 | .3252413/3.0746400]] .3446530|2.9014688]| .3642997 |2.7449927| 59 
2 | .3255630|/3.0716020]| .3449785]2.8987314]| .3646292|2.7425120] 58 
3 | .3258848/3.0685694]| .3453040]2.8959986|| .3649588/2.7400352| 57 
4 | .3262066/3.0655421]| .3456296|2.8932704]| .3652885)]2.7375623| 56 
5 | .3265284)3.0625203]| .3459553)2.8905467 || .3656182]2.7350934| 55 
6 | .3268504/3.0595038]| .3462810]2.8878277 || .3659480)2.7326284| 54 
7 | .3271724|3.0564928]| .3466068]2.8851132|| .3662779 | 2.7301674| 53 
8 | .3274944|3.0534870]| .3469327|2.8824033]| .3666079|2.7277102) 52 
9 | .3278165/3.0504866|| .3472586|2.8796979]| .3669379 | 2.7252569| 51 
10 |0.3281387|3.0474915)||0.3475846 | 2.8769970||0.3672680 | 2.7228076| 50 
11 | .3284610/3.0445018]| .3479107|2.8743007 || .3675981 |2.7203620| 49 
12 | .3287833|3.0415173]|| .3482368]2.8716088]| .3679284|2.7179204| 48 
13 | .3291056|3.0385381]| .3485630|2.8689215|| .3682587 |2.7154826| 47 
14 | .3294281/3.0355641]|| .3488893|2.8662386|| .3685890|2.7130487| 46 
15 | .3297505/3.0325954|| .3492156|2.8635602|| .3689195|2.7106186| 45 
16 | .3300731]3.0296320]| .3495420|2.8608863)| .3692500|2.7081923) 44 
17 | .3303957|3.0266737|| .3498685]2.8582168|| .3695806|2.7057699| 43 
18 |} .3307184/3.0237207|| .3501950|2.8555517|| .3699112|2.7033513] 42 
19 | .3310411/3.0207728]| .3505216]2.8528911]| .3702420|2.7009364| 41 
20 |0.3313639]3.0178301}|0.3508483] 2.8502349 ||0. 3705728 | 2.6985254| 40 
21 | .3316868|3.0148926!| .3511750|2.8475831]! .3709036|2.6961181] 39 
22 | .3320097|3.0119603]| .3515018|2.8449356|| .3712346|2.6937147| 38 
23 | .3323327|3.0090330]| .3518287]2.8422926]| .3715656|2.6913149) 37 
24 | .3326557|3.0061109|| .3521556|2.8396539|| .3718967|2.6889190] 36 
25 | .3329788/3.0031939]| .3524826}2.8370196]|| .3722278|2.6865267) 35 
26 | .3333020|3.0002820]| .3528096]2.8343896|| .3725590]2.6841383| 34 
27 | .3336252|2.9973751]| .3531368]2.8317640]| .3728903}2.6817535] 33 
28 | .3339485|2.9944734|| .3534640|2.8291426]| .3732217]2.6793725) 32 
29 | .3342719|2.9915766|| .3537912/2.8265256]| .3735532|2.6769951| 31 
30 |0.3345953|2.9886850]|0.3541186|2.8239129||0. 3738847 | 2.6746215) 30 
31 | .3349188/2.9857983]| .3544460]2.8213045|| .3742163|2.6722516| 29 
32 | .3352424|2.9829167]| .3547734|2.8187003]| .3745479|2.6698853| 28 
33 | .3355660|2.9800400|| .3551010|2.8161004]| .3748797|2.6675227| 27 
34 | .3358896|2.9771683]| .3554286/2.8135048]| .3752115|2.6651638) 26 
35 | .3362134)2.9743016]| .3557562|2.8109134]| .3755433)2.6628085] 25 
36 | .3365372|2.2714399]| .3560840|2.8083263]| .3758753|2.6604569] 24 
37 | .3368610|]2.9685831]| .3564118]2.8057433]| .3762073|2.6581089] 23 
38 | .3371850|2.9657312|| .3567397|2.8031646|| .3765394|2.6557645| 22 
89 | .3375090|2.9628842!| .3570676/2.8005901]| .3768716)2.6534238) 21 
40 |0.3378330|2.9600422]|0.3573956|2.7980198||0.3772038| 2.6510867| 20 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 

2 2 2 
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220 TABLE XXVIII.—NATURAL TANGENTS 








Tangent | Cotangent 


0.4244748/2.3558524 


Zke 

, 
0 |0.3838640)2. 
1 | .3841978}2 
2 | .3845317/2 
3 | .3848656)2 
4 | .3851996)2 
5 | .3855337|2 
6 | .3858679 }2 
7 | .3862021)2 
8 | .3865364]2 
9 | .3868708|2 
10 |0.3872053|2 
11 gees 2 
12 | .3878744|2 
13 | .3882091]2 
14 | .3885439/2 
15 | .3888787|2 
16 | .3892136)2 
17 | .3895486|2 
18 | .3898837|2 
19 | .38902189)2 
20 |0.3905541/2 
21 | .3908894)2 
22 | .3912247|2 
23 | .38915602/2 
24 | .38918957)2 


29 | .3935745 
30 |0.3939105 
31 | .3942465 
32 | .3945827 
33 | .3949189 
84 | .3952552 
35 | .3955916 
36 | .3959280 
387 | .3962645 
38 | .3966011 
39 | .3969378 
40 |0.3972746 
41 | .3976114 
42 | .3979483 
43 } .3982853 
44 | .3986224 
46 | .3992968 
47 | .3996341 


48 | .3999715 
49 | .4003089 
50 |0.4006465 


51 | .4009841 
52 | .4013218 
53 | .4016596 
54 | .4019974 
55 | .4023354 
56 | .4026734, 
57 | .4030115 
58 | .4033496 
59 | .4036879 
60 |0.4040262 


6050891 


- 6028258 
- 6005659 
- 5983095 
- 5960564 
- 5938068 
- 5915606 
- 5893177 
. 5870782 
- 5848421 
- 5826094 


- 5803800 
- 5781539 
. 5759312 
- 5737118 
. 5714957 
- 5692830 
- 5670735 
- 5648674 
. 5626645 
- 5604649 


- 5582686 
. 5560756 
- 5538858 
. 5516992 
25 | .3922313/2. 
26 | .3925670|2. 
27 | .3929027/2. 
28 | .3932386/2. 
- 5408151 
- 5386479 


. 5364839 
- 5343231 
. 5321655 
- 5300111 
. 5278598 
.5257117 
. 5235667 
- 5214249 
. 5192863 
- 5171507 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2.5150183 
2.5128890 
2.5107629 
2.5086398 
45 | .3989595]2. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


5495160 
5473359 
5451591 
5429855 


5065198 


. 5044029 
. 5022891 
- 5001784 
- 4980707 
-4959661 


-4938645 
- 4917660 
- 4896706 
.4875781 
-4854887 
- 4834023 
-4813190 
- 4792386 
-4771612 
-4750869 


Cotangent| Tangent 


68° 











22° 





-4043646 |2.4730155 








.4047031]2.4709470 
.4050417]2.4688816 
.4053804]2.4668191 
-4057191]2.4647596 
.4060579 | 2.4627030 
- 4063968 | 2. 4606494 
.4067358]2.4585987 
.4070748)|2.4565510 
0.4074139]2.4545061 
-4077531)]2.4524642 
-40809241}2.4504252 
.4084318]2.4483891 
. 4087713] 2 .4463559 
.4091108]2.4443256 
4094504] 2. 4422982 
-4097901|2.4402736 
-4101299}|2.4382519 
-4104697 | 2.4362331 
0.4108097 | 2.4342172 
.4111497 | 2.4322041 
-4114898]2.4301938 
.4118300|2.4281864 
-4121703|2.4261819 
.4125106]2.4241801 
-4128510]2.4221812 
-4131915}2.4201851 
-4135321]2.4181918 
.4138728| 2.4162013 
0.4142136|2.4142136 
4145544] 2.4122286 
.4148953|/2.4102465 
- 4152363 | 2.4082672 
.4155774]| 2.4062906 
. 4159186 | 2.4043168 
- 4162598] 2.4023457 
. 4166012] 2.4003774 
-4169426/2.3984118 
. 4172841] 2.3964490 
0.4176257 | 2.3944889 
.4179673 | 2.3925316 
- 4183091] 2.3905769 
- 4186509 | 2.3886250 
- 4189928] 2.3866758 
. 4193348] 2.3847293 
.4196769|2.3827855 
- 4200190 | 2.3808444 
. 4203613 | 2.3789060 
- 4207036 | 2.3769703 
0.4210460|2.3750372 
.4213885|2.3731068 
.4217311|2.3711791 
- 4220738 |2.3692540 
-4224165|2.3673316 
-4227594|2.3654118 
- 4231023 |2.3634946 
- 4234453 /2.3615801 
- 4237884 |2.3596683 
-4241316 |2.3577590 
0.4244748]2.3558524 
Cotangent! Tangent 
67° 








23° 








CORN WR OAQNOO 


-4248182|2.3539483 
-4251616|2.3520469 
-4255051]2.3501481 
- 4258487 12 .3482519 
-4261924|2.3463582 
-4265361]2.3444672 
- 4268800] 2.3425787 
. 4272239 |2.3406928 
-4275680]2.3388095 
0.4279121/2.3369287 
.4282563]2.3350505 
-4286005|2.3331748 
- 4289449 |2.3313017 
4292894 |2.3294311 
-4296339|2.3275630 
.4299785]2.3256975 
- 4303232 |2.3238345 
-4306680] 2.3219740 
-4310129]2.3201160 
0.4313579 | 2.3182606 
.4317030]|2.3164076 
-4320481|2.3145571 
- 4323933 ]2.3127092 
- 4327386 |2.3108637 
- 4330840 | 2 .3090206 
- 4334295] 2.3071801 
- 4337751) 2 .3053420 
- 4341208) 2 .3035064 
- 43446652 .3016732 
0.4348124/2.2998425 
-4351583 | 2.2980143 
- 4355043] 2.2961885 
- 4358504 | 2. 2943651 
- 4361966 | 2. 2925442 
- 4365429 | 2. 2907257 
- 4368893 | 2. 2889096 
. 4372357 | 2.2870959 
- 4375823] 2. 2852846 
- 4379289 |2.2834758 
0.4382756|2.2816693 
- 4386224 | 2.2798653 
- 4389693 | 2. 2780636 
-4393163|2.2762643 
-4396634|2.2744674 
- 4400105] 2.2726729 
- 4403578] 2.2708807 
- 4407051] 2. 2690909 
-4410526| 2. 2673035 
-4414001|2.2655184 
0.4417477 |2.2637357 
-4420954]2.2619554 
.4424432|2.2601773 
-4427910|2.2584016 
.4431390] 2. 2566283 
.4434871/2.2548572 
- 4438352) 2.2530885 
-4441834]2.2513221 
-4445318]2.2495580 
-4448802 | 2.2477962 
0. 4452287 | 2. 2460368 
Cotangent! Tangent 
66° 
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CONRDOP WHO 


10 


11 
12 
13 
14 
15 
16 
a4 
18 
19 
20 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


31 


24° 





Tangent |Cotangent 





0.4452287 |2.2460368 
. 4455773 |2. 2442796 
445926012. 2425247 
-4462747 |2.2407721 
.4466236 |2.2390218 
44697 26 | 2. 2372738 
.4473216}2.2355280 
.4476708]2.2337845 
.4480200]2. 2320433 
- 4483693 /2. 2303043 

0.4487187 |2.2285676 
- 4490682 }2.2268331 
4494178/2.2251009 
4497675] 2. 2233709 
45011732 .2216432 
4504672/2.2199177 
4508171/2.2181944 
4511672|2.2164733 
.4515173)|2.2147545 
4518676 |2. 2130379 

0.4522179/2.2113234 
.4525683/2.2096112 
.4529188|2.2079012 
- 4532694 |2. 2061934 
4536201 |2. 2044878 
4539709 | 2. 2027843 
.4543218]2.2010831 
. 4546728 | 2. 1993840 
-4550238]2.1976871 
-4553750)2. 1959923 

0.4557 263] 2. 1942997 
.4560776 |2.1926093 
.4564290/2.1909210 
.4567806 | 2. 1892349 
.4571322|2.1875510 
. 4574839 |2. 1858691 
. 4578357 |2. 1841894 
. 4581877 |2.1825119 
.4585397 |2. 1808364 
.4588918]2.1791631 

0.4592439 |2.1774920 
.4595962|2.1758229 
. 4599486 |2.1741559 
.4603011|2.1724911 
4606537 |2. 1708283 
.4610063 |2. 1691677 
.4613591)2.1675091 
.4617119|2. 1658527 
. 4620649 |2.1641983 
.4624179|2.1625460 

0.4627710|2. 1608958 
.4631243|2.1592476 
.4634776|2.1576015 
.4638310)2.1559575 
4641845 /2.1543156 
-4645382|2.1526757 
-4648919|2.1510378 
4652457 |2.1494021 
. 4655996 |2. 1477683 
4659536] 2. 1461366 

0.4663077 |2. 1445069 

Cotangent! Tangent 


65° 


ES 








25° 
Tangent |Cotangent 





0.4663077 |2. 1445069 
-4666618)]2. 1428793 
-4670161)2. 1412537 
-4673705|2.1396301 
-4677250]2. 1380085 
- 4680796 |2. 1363890 
- 4684342 |2.1347714 
-4687890|2.1331559 
-4691439 |2.1315423 
- 4694988 | 2. 1299308 

0. 4698539 | 2. 1283213 


. 4702090 | 2. 1267137 
- 4705643 |2.1251082 
- 4709196 | 2. 1235046 
-4712751)/2.1219030 
-4716306 | 2. 1203034 
- 4719863 |2.1187057 
-4723420|2.1171101 
-4726978)2.1155164 
- 4730538] 2.1139246 
0.4734098/2. 1123348 


. 4737659 |2.1107470 
.4741222/2.1091611 
.4744785|2.1075771 
4748349 ]2.1059951 
-4751914]2. 1044150 
.4755481|2.1028369 
.4759048/2.1012607 
. 4762616 |2.0996864 
.4766185|2.0981140 
0. 4769755) 2.0965436 
-4773326 | 2.0949751 
. 4776899 |2.0934085 
. 478047 2)2.0918437 
. 4784046 | 2 .0902809 
. 478762112 .0887200 
.4791197 |2.0871610 
.4794774|2.0856039 
. 4798352 |2 .0840487 
.480193212.0824953 
0.4805512/2.0809438 
- 4809093 | 2 .0793942 
.4812675|2.0778465 
. 4816258 | 2 .0763007 
-4819842]2.0747567 
- 4823427 |2.0732146 
.4827014|2.0716743 
.4830601 | 2.0701359 
. 4834189 | 2.0685994 
- 4837778] 2 .0670646 
0.4841368]2.0655318 
- 4844959 | 2.0640008 
4848552 ]2.0624716 
.4852145|2.0609442 
- 4855739 |2.0594187 
- 4859334 |2.0578950 
.4862931)|2.0563732 
4866528 |2.0548531 
. 4870126 |2.0533349 
.4873726|2.0518185 
0.4877326)|2.0503038 
Cotangent! Tangent 
64° 














Om bo CORON 


26° 
Tangent | Cotangent 
0.4877326| 2 .0503038 
. 4880927 | 2.0487910 
. 4884530] 2.0472800 
.4888133|2.0457708 
.4891737 | 2.0442634 
. 4895343 | 2.0427578 
. 4898949 | 2.0412540 
. 4902557 | 2.0397519 
- 4906166] 2.0382517 
4909775] 2 .0367532 
0.4913386 | 2.03852565 
-4916997 | 2.0337615 
- 4920610] 2.0322683 
. 4924224 | 2.0307769 
-4927838] 2 .0282873 
4931454] 2.0277994 
.493507 1] 2.0263133 
. 4938689 | 2.0248289 
. 4942308] 2.0233462 
4945928] 2 0218654 
0.4949549 | 2.0203862 
.4953171]2.0189088 
- 4956794) 2.0174331 
-4960418] 2.0159592 
-4964043|2.0144869 
.4967669|2.0130164 
.4971297 | 2.0115477 
-4974925]|2.0100806 
.4978554|] 2.0086153 
-4982185|2.0071516 
0. 4985816 | 2.0056897 
4989449 | 2.0042295 
. 4993082] 2.0027710 
.4996717| 2.0013142 
. 5000352] 1.9998590 
. 5003989 | 1 .9984056 
. 5007627 | 1.9969539 
. 5011266] 1 .9955038 
. 5014906] 1.9940554 
. 5018547 | 1.9926087 
0.5022189} 1.9911637 
. 5025832] 1.9897204 
. 5029476| 1.9882787 
. 5033121] 1.9868387 
. 5036768] 1.9854003 
. 5040415] 1.9839636 
. 5044063] 1.9825286 
. 5047713) 1.9810952 
. 5051363] 1.9796635 
. 5055015] 1.9782334 
0. 5058668] 1.9768050 
. 5062322] 1.9753782 
. 5065977 | 1.9739531 
. 5069633] 1.9725296 
. 5073290] 1.9711077 
. 5076948] 1.9696874 
. 5080607 | 1.9682688 
. 5084267 | 1.9668518 
. 5087929] 1.9654364 
.5091591)1.9640227 
0. 5095254] 1.9626105 
Cotangent| Tangent 
63° 
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20 








27° 
Tangent_|Cotangent 
0. 5095254 ]1.9626105 
. 5098919 | 1.9612000 
.5102585/]1.9597910 
. 5106252 | 1.9583837 
.5109919]1.9569780 
. 5113588] 1.9555739 
.5117259 | 1.9541713 
. 5120930] 1.9527704 
.5124602}1.9513711 
. 5128275] 1.9499733 
0.5131950} 1.9485772 
. 5135625] 1.9471826 
. 5139302} 1. 9457896 
. 5142980} 1.9443981 
- 5146658] 1 .9430083 
. 5150338] 1.9416200 
-5154019] 1 .9402333 
- 5157702) 1.9388481 
.5161385]1.9374645 
5165069 | 1.9360825 
0.5168755)|1.9347020 
5172441) 1.9333231 
. 5176129] 1.9319457 
- 5179818] 1.9305699 
. 5183508] 1 .9291956 
.5187199|1.9278228 
.5190891)1.9264516 
. 5194584] 1.9250819 
. 5198278] 1.9237138 
. 5201974] 1.9223472 
0.5205671)|1.9209821 
. 5209368] 1.9196185 
. 5213067 | 1.9182565 
. 5216767 |1.9168960 
. 5220468] 1.9155370 
.5224170|1.9141795 
. 5227874] 1.9128236 
. 5231578] 1.9114691 
. 5235284] 1.9101162 
. 5238990] 1.9087647 
0.5242698] 1.9074147 
. 5246407 | 1. 9060663 
.9250117 | 1.9047193 
. 5253829 | 1.9033738 
.5257541]1.9020299 
. 5261255] 1.9006874 
. 5264969 | 1. 8993464 
. 5268685] 1.8980068 
. 5272402 |1.8966688 
- 5276120) 1. 89538322 
0.5279839]1.8939971 
. 5283560] 1.8926635 
.5287281]1.8913313 
. 5291004} 1.8900006 
. 5294727 | 1. 8886713 
. 5298452] 1.8873436 
. 5302178) 1.8860172 
- 5305906 | 1. 8846924 
. 5309634]1.8833690 
. 5313364] 1 .8820470 
0.5317094|1.8807265 
Cotangent| Tangent 
62° 


28° 
Tangent |Cotangent 
0.5317094]1.8807265 
. 5320826] 1.8794074 
.532455911.8780898 
. 53282931 .8767736 
. 5332029 ]1.8754588 
.5335765]1. 8741455 
. 5339503} 1. 8728336 
. 5343242]1.8715231 
.5346981]1.8702141 
. 5350723]1.8689065 
0.5354465|1.8676003 
. 5358208 |1. 8662955 
.5361953]}1. 8649921 
- 5365699 | 1. 8636902 
. 5369446 ]1. 8623896 
.5373194]1.8610905 
. 5376943] 1.8597928 
. 5380694] 1. 8584965 
. 5384445) 1.8572015 
.5388198]1.8559080 
0.5391952]1.8546159 
.5395707 |1.8533252 
. 5399464] 1.8520358 
.5403221]1.8507479 
. 540698011. 8494613 
.5410740]1.8481761 
. 5414501] 1. 8468923 
. 5418263] 1. 8456099 
. 5422027 |1. 8443289 
-5425791)1.8430492 
0. 5429557 |1.8417709 
. 5433324) 1.8404940 
.5437092]1.8392184 
. 5440862]1.8379442 
.5444632/1.8366713 
- 5448404] 1.8353999 
.5452177]1.8341297 
.5455951]1. 8328610 
.545972711.8315936 
. 5463503] 1.8303275 
0.5467281]1.8290628 
. 5471060] 1. 8277994 
. 5474840] 1. 8265374 
. 547862111. 8252767 
. 5482404] 1.8240173 
. 5486188] 1. 8227593 
. 5489973] 1.8215026 
. 5493759] 1.8202473 
.5497547|1.8189932 
- 5501335] 1.8177405 
0.5505125|1.8164892 
. 5508916} 1.8152391 
. 5512708] 1.8139904 
. 5516502! 1.8127430 
.5520297|1.8114969 
. 5524093] 1.8102521 
. 5527890] 1. 8090086 
. 5531688] 1. 8077664 
. 5535488] 1. 8065256 
. 5539288] 1.8052860 
0.5543091) 1.8040478 
Cotangent| Tangent 
61° 











29° , 
Tangent | Cotangent 
0.5543091]1.8040478| 60 
. 5546894! 1.8028108| 59 
.5550698/1.8015751} 58 
- 5554504] 1. 8003408] 57 
.5558311}1.7991077| 56 
.556211911.7978759| 55 
.556592911.7966454] 54 
.5569739|1.7954162| 53 
. 5573551] 1.7941883] 52 
.5577364]1.7929616| 51 
0.5581179|1.7917362| 50 
.5584994]1.7905121} 49 
.5588811]1.7892893) 48 
.5592629|1.7880678| 47 
. 5596449 | 1.7868475| 46 
.5600269]1.7856285| 45 
.5604091|1.7844107] 44 
.5607914]1.7831943) 43 
.5611738]1.7819790} 42 
.5615564|1.7807651| 41 
0.5619391]1.7795524| 40 
.5623219|1.7783409| 39 
. 5627048] 1.7771307| 38 
-5630879]1.7759218] 37 
.5634711|1.7747141] 36 
. 5638543] 1.7735076| 35 
. 5642378] 1.7723024| 34 
.5646213]1.7710985| 33 
.5650050]1.7698958] 32 
. 5653888) 1.7686943} 31 
0. 5657728] 1.7674940| 30 
.5661568/1.7662950] 29 
.5665410|1.7650972| 28 
.5669254]1.7639007| 27 
.5673098]1.7627053) 26 
.5676944/1.7615112| 25 
.5680791}1.7603183] 24 
. 5684639] 1.7591267| 23 
. 5688488] 1.7579362| 22 
. 5692339 ]1.7567470| 21 
0.5696191]1.7555590] 20 
. 5700045] 1.7543722) 19 
.5703899]1.7531866] 18 
.5707755|1.7520023| 17 
.5711612]1.7508191] 16 
.5715471|1.7496371| 15 
.5719331]1.7484564| 14 
.5723192|1.7472768| 13 
.5727054|1.7460984| 12 
.5730918]1.7449213] 11 
0.5734783|1.7437453] 10 
. 5738649 |1.7425705| 9 
.5742516]1.7413969] 8 
.5746385]1.7402245| 7 
.5750255]1.7390533)] 6 
.5754126]1.7378833] 5 
- 5757999 |1.7367144| 4 
.5761873|1.7355468| 3 
.5765748|1.7343803] 2 
-5769625)1.7332149] 1 
0.5773503|1.7320508) 0 
Cotangent! Tangent 
60° 
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. 5507054} 11 
.5497155} 10 


. 5487264 
. 5477383 
. 5467510 
. 5457647 
. 5447792 
. 5437946 
. 5428108 
. 5418280 


.6117878]| .6448678 
.6107417 ||0.6452797 


.6096966 || .6456918 
.6086525]| .6461041 
.6076094}| .6465165 
.6065672}| .6469290 
.6655260|| .6473417 
.6044858]| .6477546 
.6034465)| .6481676 
.6024082|| .6485808 
.6013709]| .6489941|1.5408460 
.6003345]|0.6494076]1.5398650 


.6764067]} .6204291 
.6752988]|0.6208320 


.6741921]| .6212351 
.6730864]] .6216383 
.6719818]| .6220417 
.6708782}| .6224452 
.6697758]| .6228488 
.6686744}| .6232527 
.6675741)| .6236566 
- 58 | .6000691]1.6664748}| .6240607 
59 | .6004648]1.6653766]| .6244650 
60 |0.6008606 |1.6642795/|0.6248694 


Cotangent| Tangent ||Cotangent| Tangent |/Cotangent| Tangent 


59° 58° 57° 


a 


49 | .5965140 
50 |0.5969084 


61 | .5973030 
| 62 | .5976978 
53 | .5980926 
54 | .5984877 
55 | .5988828 
| 56 | .5992781 
57 | .5996735 


QR NWRARNWO 


; 30° si 32° ; 
be. Tangent |Cotangent|} Tangent |Cotangent|| Tangent | Cotangent 
0 |0.5773503|1.7320508]|0. 6008606 |1.6642795||0.6248694| 1.6003345| 60 
1 | .5777382|1.7308878]| .6012566/1.6631834]| .6252739]1.5992991] 59 
2 | .5781262|1.7297260)! .6016527|1.6620884]| .6256786]1.5982647]| 58 
3 | .5785144|1.7285654}| .6020490]1.6609945]| .6260834}1.5972212| 57 
4 | .5789027|1.7274060|| .6024454|1.6599016]| .6264884]1.5961987]| 56 
5 | .5792912|1.7262477]| .6028419|1.6588097]| .6268935]1.5951672| 55 
6 | .5796797|1.7250905]|} .6032386|1.6577189]| .6272988]1.5941366| 54 
7 | .5800684|1.7239346]| .6036354|1.6566292]| .6277042|1.5931070] 53 
8 | .5804573]1.7227797|| .6040323|1.6555405]| .6281098|1.5920783] 52 
9 | .5808462]1.7216261]| .6044294/]1.6544529]|| .6285155/1.5910505| 51 
10 |0.5812353|1.7204736]|0.6048266 | 1.6533663]/0.6289215|1.5900238] 50 
11 .5816245/1.7193222]| .6052240}1.6522808]| .6293274]1.5889979| 49 
£2 -5820139]1.7181720]} .6056215|1.6511963]| .6297336|1.5879731| 48 
13 | .5824034/1.7170230]| .6060192|1.6501128}| .6301399]|1.5869491] 47 
14 | .5827930/1.7158751]| .6064170|1.6490304}| .6305464]1.5859261] 46 
15 | .5831828]1.7147283]| .6068149|1.6479490]| .6309530]1.5849041] 45 
16 | .5835726]1.7135827|| .6072130|1.6468687]| .6313598]1.5838830} 44 
17 | .5839627/1.7124382|| .6076112]1.6457893]| .6317667|1.5828628] 43 
18 | .5843528]1.7112949}| .6080095/}1.6447111]| .6321738]1.5818436] 42 
19 | .5847431}1.7101527]|| .6084080]1.6436338]} .6325810]1.5808253} 41 
20 |0.5851335/1.7090116]/0.6088067 | 1.6425576]|0.6329883|1.5798079| 40 
21 .585524111.7078717|| .6092054]1.6414824]| .6333959]1.5787915) 39 
22 | .5859148|1.7067329]| .6096043|1.6404082]| .6338035]1.5777760] 38 
23 | .5863056}1.7055953]| .6100034]1.6393351]| .6342113]1.5767615] 37 
24 | .5866965/1.7044587]|| .6104026]1.6382630]} .6346193]1.5757479] 36 
25 | .5870876|1.7033233]| .6108019]1.6371919}| .6350274|1.5747352] 35 
26 | .5874788]1.7021890]| .6112014]1.6361218]| .6354357|1.5737234| 34 
27 | .5878702|1.7010599|| .6116011]1.6350528]) .6358441|1.5727126| 33 
28 | .5882616]1.6999238]] .6120008]1.6339847]|| .6362527|1.5717026] 32 
29 | .5886533]1.6987929|| .6124007|1.6329177|| .6366614{/1.5706936] 31 
30 |10.5890450]1.6976631/]/0.6128008|1.6318517]|0.6370703|1.5696856] 30 
31 . 5894369 |1.6965344]| .6132010}1.6307867)|| .6374793|1.5686784| 29 
32 . 5898289 |1.6954069]| .6136014|1.6297227]|| .6378885]1.5676722| 28 
83 | .5902211]1.6942804]|] .6140018]1.6286597]|| .6382978]1.5666669| 27 
34 | .5906134]1.6931550]|} .6144024)1.6275977)|| .6387073]1.5656625) 26 
35 | .5910058|1.6920308]] .6148032]1.6265368]| .6391169]1.5646590} 25 
36 | .5913984]1.6909077]| .6152041]1.6254768]| .6395267/1.5636564| 24 
37 | .5917910]1.6897856|| .6156052]1.6244178]| .6399366|1.5626548] 23 
88 | .5921839]1.6886647]||} .6160064]1.6233599|| .6403467|1.5616540| 22 
39 | .5925768]1.6875449|] .6164077]1.6223029]|| .6407569)1.5606542| 21 
40 |0.5929699|1.6864261]||0.6168092|1.6212469]/0.6411673)]1.5596552| 20 
41 .5933632/1.6853085]] .6172108/1.6201920]| .6415779]|1.5586572} 19 
42 | .5937565|1.6841919|] .6176126]1.6191380]} .6419886]1.5576601|] 18 
43 | .5941501|]1.6830765]| .6180145]1.6180850|| .6423994/1.5566639} 17 
44 | ,5945437]1.6819621|| .6184166]1.6170330]|| .6428105/1.5556685| 16 
45 | .5949375|1.6808489]|| .6188188]1.6159820]| .6432216]1.5546741) 15 
46 | .5953314|1.6797367]| .6192211]1.6149320]| .6436329/1.5536806| 14 
47 } .5957255|1.6786256|| .6196236]1.6138829|| .6440444/1.5526880} 13 
48 | .5961196]1.6775156]| .6200263 ‘ .6128349|| .6444560 : .5516963| 12 
1 
1 1 1 
1 1 1 
1 1 1 
1 al 1 
1 1 i 
1 1 sh 
1 1 1 
1 1 1 
1 1 1 
1 1 if 
1 1 1 
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SA en enn aa 
Say 34° 35° 
Tangent |Cotangent|| Tangent |Cotangent|| Tangent |Cotangent 
.4825610]||0.7002075 























51 | .6707061 
52 | .6711280 
53 | .6715500 
54 | .6719721 
55 | .6723944 
56 | .6728169 
57 | .6732396 
58 | .6736624 


.4909659}| .6963131 
-4900288]| .6967451 
.4890925]} .6971773 
.4881570]| .6976097 


/4361356 || .7225502 
-4352451|| .7229930 
.4343554]| .7234361 
.4334664|| .7238793 
-4325781]| .7243227 
.4316906|| .7247663 
.4308039|} .7252101 
.4299178]| .7256540 
59 | .6740854| 1.4834916]| .6997741]1.4290326|| .7260982/1.3772242 
60 |0.6745085| 1.4825610}|0.7002075|1.4281480]/0.7265425]1.3763819 


We Cotangent! Tangent ||Cotangent! Tangent |jCotangent! Tangent 
7 ee — MF 
56° 55° 64° 


eee 


. 38839869 
. 3831392 
. 38822922 
- 3814458 
. 3806001 
. 38797551 
. 3789108 
- 3780672 





48722231) .6980422 
4862884|| .6984749 
-4853554|| .6989078 
-4844231]| .6993409 








© 10.6494076]1.5398650|/0. 6745085] 1 1.4281480| 60 
1 | .6498212|/1.5388848|} .6749318]1.4816311|| .7006411]1.4272642| 59 
2 | 16502350|1.5379054|| .6753553|1.4807021|| .7010749]1.4263811| 58 
3 | .6506490|1.5369270|| .6757790|1.4797738]| .7015089|1.4254988| 57 
4 | .6510631|1.5359494|| .6762028|1.4788463]| .7019430|1.4246171] 56 
5 | .6514774|1.5349727|| .6766268|1.4779197|| .7023773/1.4237362| 55 
6 | .6518918|1.5339969|| .6770509|1.4769938]| .7028118]1.4228561] 54 
7 | .6523064/1.5330219|| .6774752|1.4760688|| .7032464]1.4219766| 53 
8 | .6527211|1.5320479|| .6778997|1.4751445|| .7036813|1.4210979| 52 
9 | .6531360|1.5310746|| .6783243]1.4742210|| .7041163]1.4202200| 51 
10 |0.6535511|1.5301023||0.6787492 |1.4732983]||0.7045515|1.4193427| 50 
11 | .6539663|1.5291308|| .6791741/1.4723764|| .7049869|1.4184662] 49 
12 | .6543817}1.5281602|| .6795993|1.4714553|| .7054224|1.4175904| 48 
13 | .6547972|1.5271904|| .6800246|1.4705350|| .7058581|1.4167153| 47 
14 | .6552129]1.5262215]| .6804501]1.4696155|| .7062940|1.4158409| 46 
15 | .6556287|1.5252535|| .6808758|1.4686967|| .7067301/1.4149673] 45 
16 | .6560447|1.5242863|| .6813016|1.4677788]| .7071664]1.4140943] 44 
17 | .6564609|1.5233200|| .6817276|1.4668616]| .7076028]1.4132221] 43 
18 | .6568772|1.5223545|| .6821537|1.4659452|| .7080395|1.4123506| 42 
19 | .6572937|1.5213899|| .6825801|1.4650296|| .7084763|1.4114799| 41 
20 |0.6577103|1.5204261||0.6830066 |1.4641147||0.7089133]1.4106098] 40 
21 | .6581271|1.5194632|| .6834333]1.4632007]| .7093504]1.4097405] 39 
22 | .6585441/1.5185012|| .6838601|1.4622874|| .7097878]1.4088718] 38 
23 | _6589612|1.5175400|| .6842871]1.4613749|| .7102253]1.4080039| 37 
24 | .6593785|1.5165796|| .6847143|1.4604632|| .7106630]1.4071367| 36 
25 | .6597960|1.5156201|| .6851416|1.4595522|| .7111009]1.4062702] 35 
26 | .6602136|1.5146614|| .6855692|1.4586420|| .7115390]1.4054044] 34 
27 | .6606313]1.5137036|| .6859969|1.4577326|| .7119772|1.4045393| 33 
28 | .6610492]1.5127466|| .6864247|1.4568240|| .7124157]1.4036749| 32 
29 | .6614673]1.5117905|| .6868528|1.4559161|| .7128543/1.4028113| 31 
30 |0.6618856| 1.5108352||0 .6872810}1.4550090||0.713293111.4019483] 30 
31 | .6623040|1.5098807]| .6877093|1.4541027]| .7137320|1.4010860] 29 
32 | .6627225|1.5089271]| .6881379]1.4531971]| .7141712]1.4002245] 98 
33 | .6631413|1.5079743|| .6885666|1.4522923]| .7146106|1.3993636| 27 
34 | .6635601/1.5070224|| .688995511.4513883]|| .7150501|1.3985034| 926 
35 | .6639792|1.5060713|| .6894246|1.4504850|| .7154898]1.3976440] 95 
36 | .6643984|1.5051210|| .689853811.4495825|| .7159297|1.3967852| 24 
37 | _6648178|1.5041716|| .6902832]1.4486808|| .7163698|1.3959272| 93 
38 | .6652373|1.5032229|| .6907128]1.4477798]| .7168100]1.3950698] 99 
39 | .6656570|1.5022751|| .6911425]1.4468796|| .7172505|1.3942131| 91 
40 |0.6660769|1.5013282]/0.6915725|1.4459801||0.7176911|1.3933571| 20 
41 | .6664969]1.5003821]| .6920026|1.4450814|| .7181319|1.3925019] 19 
42 | .6669171|1.4994367|| .6924328|1.4441834]|| .7185729|1.3916473| 18 
43 | .6673374|1.4984923|| .6928633|1.4432862|| .7190140]1.3907934| 17 
44 | .6677580|1.4975486|| .6932939]1.4423897]| .7194554/1.3899401] 16 
45 | .6681786/1.4966058|| .6937247]1.4414940]| .7198970|1.3890876| 15 
46 | .6685995|1.4956637|| .6941557|1.4405991]| .7203387|1.3882358] 14 
47 | .6690205|1.4947225|| .6945868|1.4397049|| .7207806|1.3873847| 13 
48 | .6694417|1.4937822|| .6950181|1.4388114 || .7212227/1.3865342] 19 
49 | .6698630|1.4928426]| .6954496]1.4379187|| .7216650|1.3856844| 11 
50 |0.6702845| 1.4919039 ||0.6958813 |1.4370268||0.7221075|1.3848353] 10 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 ih 1 

1 1 1 

1 1 1 

1 1 1 
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AND COTANGENTS 225 
36° 37° 38° ; 


, eS 
Tangent |Cotangent|| Tangent |Cotangent|| Tangent |Cotangent 
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59 | |7530981|1.3278483]| .7808173|1. 2807094 8093025] 1. 2356319 
60 |0.7535541|1.3270448||0. 7812856 |1. 2799416 0. 8097840] 1. 2348972 


~~ |Gotangent! Tangent ||Cotangent Tangent ||Cotangent! Tangent 
—<—< << _——_——|i—— ss - = ric deena 


0 |0.7265425|1.3763819]|0. 7535541] 1.3270448]/0.7812856| 1.2799416] 60 

1 | .7269871|1.3755403|| .7540102/1.3262420]| .7817542|1.2791745) 59 

9 | .7274318]1.3746994|| .7544666|1.3254397|| .7822229|1.2784079] 58 

3 | |7278767]1.3738591|| .7549232|1.3246381|| .7826919]1.2776419| 57 

4 | .7283218|1.3730195|| .7553799|1.3238371|| .7831611]1.2768765| 56 

5 | .7287671|1.3721806]| .7558369|1.3230368]|| .7836305|1.2761116| 55 

6 | .7292125)1.3713423|| .7562941|1.3222370|| .7841002]1.2753473] 54 

7 | .7296582|1.3705047|| .7567514|1.3214379|| .7845700|1.2745835| 53 

3 | .7301041|1.3696678|| .7572090|1.3206393]| .7850400] 1.2738204| 52 

9 | _7305501|1.3688315|| .7576668|1.3198414]| .7855103)1.2730578| 51 

10 |0.7309963|1.3679959||0. 7581248] 1.3190441|/0.7859808| 1.2722957| 50 
41 | .7314428/1.3671610|| .7585829|1.3182474]| .7864515]1.2715342] 49 
12 | .7318894|1.3663267]] .'7590413|1.3174513]| .7869224|1.2707733| 48 
13 | .7323362|1.3654931|| .7594999|1.3166559|| .7873935|1.2700130| 47 
14 | _7327832|1.3646602|| .7599587|1.3158610]| .7878649|1.2692532| 46 
15 | .7332303/1.3638279|| .7604177|1.3150668]| .7883364|1.2684940| 45 
16 | .7336777|1.3629963|| .7608769]1.3142731]|| .7888082]1.2677353| 44 
17 | (7341253|1.3621653|| .'7613363]1.3134801]| .7892802!1.2669772| 43 
18 | °7345730|1.3613350|| .7617959|1.3126876|| .7897524|1.2662196| 42 
19 | .7350210/1.3605054|| .7622557|1.3118958|| .7902248|1.2654626| 41 
20 |0.7354691|1.3596764||0.7627157|1.3111046]|0.7906975| 1.2647062| 40 
91 |. .7359174|1.3588481|| .7631759|1.3103140]| .7911703)1.2639503| 39 
22 | |7363660|1.3580204|| .7636363]1.3095239|| .7916434/1.2631950] 38 
93 | .7368147|1.3571934|| .7640969|1.3087345|| .7921167]1.2624402| 37 
94 | °7372636|1.3563670|| .7645577|1.3079457|| .7925902|1.2616860| 36 
95 | _7377127|1.3555413]| .7650188}1.3071575|| .7930640| 1. 2609323] 35 
96 | .7381620|1.3547162|| .7654800|1.3063699|| .7935379|1.2601792| 34 
97 | .7386115|1.3538918]| .7659414|1.3055828]| .7940121/1. 2594267) 33 
98 | .7390611|1.3530680]| .7664031|1.3047964)) .7944865]1.2586747| 32 
99 | .7395110|1.3522449|| .7668649|1.3040106]| .7949611}1. 2579232) 31 
30 |0.7399611|1.3514224||0.7673270|1.3032254||0.7954359| 1.2571723) 30 
31 | .7404113]/1.3506006]| .7677893|1.3024408]| .7959110|1.2564219| 29 
32 | _7408618|1.3497794|| .7682517|1.3016567|| .7963862)1.2556721) 28 
33 | .7413124|1.3489589]| .7687144]1.3008733}| .7968617|1.2549229| 27 
34 | .7417633]1.3481390]| .7691773]1.3000904|| .7973374|1.2541742| 26 
35 | .7422143]1.3473198]| .7696404|1.2993081]| .7978134/1.2534260) 25 
36 | .7426655|1.3465011|| .7701037|1.2985265)| .7982895| 1. 2526784) 24 
37 | |7431170|1.3456832|| .7705672|1.2977454/| .7987659| 1. 2519313) 23 
38 | |7435686|1.3448658|| .7710309}1.2969649|| .7992425)1.2511848) 22 
39 | |7440204/1.3440492|| .7714948/1.2961850|| .7997193) 1. 2504388) 21 
40 |0.7444724|1.3432331|/0.7719589 | 1.2954057 |/0.8001963)1.2496933} 20 
41 | .7449246|1.3424177|| .7724233)1.2946270)| .8006736/1.2480484/ 19 
42 | .7453770|1.3416029|| .7728878|1.2938488]| .8011511/1.2482040) 18 
43 | .7458296|1.3407888|| .7733526|1.2930713)| . 8016288] 1.2474602) 17 
44 | .7462824|1.3399753|| .7738176|1.2922943]| .8021067|1.2467169) 16 
45 | .7467354|1.3391624|| .7742827|1.2915179]| .8025849)1. 2459742) 15 
46 | .7471886|1.3383502|| .7747481]1.2907421]) .8030632) 1. 2452320) 14 
47 | .7476420|1.3375386|| .7752137|1.2899669}| .8035418/1.2444903/ 13 
48 | |7480956|1.3367276|| .7756795|1.2891922|) .8040206/1 2437492) 12 
49 | .7485494]1.3359172|| .7761455|1.2884182|| .8044997)1.2430086| 11 
50 10.7490033|1.3351075||0.7766118| 1. 2876447 ||0 .8049790/1.2422685) 10 
5i | .7494575|1.3342984|| .7770782|1.2868718)| .8054584 1.2415290] 9 
52 | 7499119|1.3334900|| .7775448]1.2860995)| .8059382 1.2407900| 8 
53 | °7503665|1.3326822|| .7780117|1.2853277|| .8064181 1,.2400515| 7 
54 | °7508212|1.3318750|| .7784788]1.2845566|| . 8068983} 1 . 2393136 6 
55 | °7512762|1.3310684|| .7789460|1.2837860)) .8073787 1.2385762| 5 
56 | 7517314|1.3302624|| .7794135|1.2830160]) .8078593 1.2378393] 4 
57 | °7521867|1.3294571|| .7798812|1.2822466|) .8083401 1.2371030] 3 
58 | .7526423|1.3286524|| .7803492 ta EE 8088212 Wee ; 

1 
1 1 1 1 9 





x 
226 TABLE XXVIII.—NATURAL TANGENTS 





: 39° 
Tangent |Cotangent 
0 |0. 8097840] 1.2348972 
1 - 8102658] 1 . 2341629 
2 | .8107478/1.2334292 
3 | .8112300]1.2326961 
4} .8117124]1.2319634 
5 | .8121951]1.2312313 
6 . 8126780] 1. 2304997 
7 | .8131611]1.2297687 
8 | .8136444]1.2290381 
9 | .8141280]1.2283081 
10 |0.8146118)1.2275786 
il | .8150958]1.2268496 
12 8155801] 1.2261211 
13 . 8160646] 1. 2253932 
14 - 8165493]1.2246658 
15 | .8170343)1.2239389 
16 | .8175195}1.2232125 
17 | .8180049;1.2224866 
18 } .8184905]1.2217613 
19 | .8189764]1.2210364 
20 |0.8194625/1.2203121 
21 . 8199488] 1.2195883 
22 . 8204354] 1.2188650 
23 - 8209222) 1.2181422 
24 | .8214093]1.2174199 
25 | .8218965|1.2166982 
26 . 8223840] 1.2159769 
27 . 8228718] 1.2152562 
28 ' .8233597|1.2145359 
29 . 8238479 |1.2138162 
30 |0.8243364/1.2130970 
31 .8248251]1.2123783 
32 .8253140|1.2116601 
33 . 8258031] 1.2109424 
34 . 8262925|1.2102252 
35 | .8267821]1.2095085 
36 .8272719|1. 2087924 
37 . 8277620] 1. 2080767 
38 . 8282523 |1.2073615 
39 . 8287429 | 1. 2066468 
40 |0.8292337|1.2059327 
41 . 8297247 |1. 2052190 
42 . 8302160] 1.2045058 
43 | .8307075}1.2037932 
44 | .8311992]1.2030810 
45 | .8316912]1.2023693 
46 , 8321834] 1.2016581 
47 . 8326759] 1. 2009475 
48 | .8331686]1.2002373 
49 . 8336615] 1.1995276 
50 |0.8341547]1.1988184 
51 . 8346481] 1.1981097 
52 | .8351418/1.1974015 
53 | .8356357/1.1966938 
54 | .8361298]1.1959866 
55 | .8366242/1.1952799 
56 | .8371188]1.1945736 
57 . 8376136] 1.1938679 
58 | .8381087|1.1931626 
59 .8386041]1.1924579 
60 |0.8390996|1.1917536 
i Cotangent| Tangent 

50° 
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besa ae 
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40° 41° 
Tangent _|Cotangent|| Tangent _|Cotangent ra 
0.8390996|1.1917536]/0.8692867 | 1.1503684 
.8395955|1.1910498]| .8697976|1.1496928 
.8400915]1.1903465]| .8703087)1.1490176 
. 8405878] 1.1896437]| .8708200|1.1483429 
.8410844]1.1889414]] .8713316]1.1476687 
.8415812]1.1882395]|| .8718435|1.1469949 
.8420782|1.1875382]|| .8723556)1.1463215 
. 8425755] 1.1868373]|| .8728680|1.1456486 
.8430730]1.1861369]| .8733806|1.1449762 
. 8435708] 1.1854370]|| .8738935|1.1443041 
0.8440688/ 1. 1847376||0.8744067|1.1436326 
.8445670|1.1840387|| .8749201}1.1429615 
.8450655|1.1833402|| .8754338]1.1422908 
. 8455643 ]1.1826422|| .8759478|1.1416206 
.8460633}1.1819447]|| .8764620|1.1409508 
-8465625/1.1812477]| .8769765|1.1402815 
.8470620]1.1805512]| .8774912|1.1396126 
.8475617)]1.1798551]|} .8780062|1.1389441 
.8480617)1.1791595|| .8785215|1.1382761 
.8485619|1.1784644]| .8790370]1.1376086 
0.8490624]1.1777698)|0.8795528]1.1369414 
.8495631]1.1770756]| .8800688]1.1362747 
. 8500640] 1.1763820|] .8805852]1.1356085 
- 8505653] 1.1756888]} .8811017]1. 1349427 
-8510667|1.1749960]| .8816186]1.1342773 
-8515684/]1.1743038]| .8821357]1.1336124 
.8520704/}1.1736120]| .8826531]1.1329479 
.8525726]1.1729207|| .8831707]1.1322839 
-8530750]1.1722298]| .8836886]1.1316203 
.8535777|1.1715395]| .8842068]1.1309571 
0.8540807 | 1.1708496]|0.8847253]1.1302944 
-8545839]1.1701601]| .8852440]1.1296321 
-8550873]1.1694712}} .8857630]1.1289702 
-8555910]1.1687827]} .8862822]1.1283088 
-8560950}1.1680947]| .8868017]1.1276478 
-8565992/1.1674071]|| .8873215]1.1269872 
-8571037|1.1667200|] .8878415]1.1263271 
.8576084/1.1660334|} .8883619]1. 1256674 
-8581133]1.1653472|| .8888825]1.1250081 
-8586185}1.1646615!| .8894033/1.1243493 
0. 8591240] 1.1639763]|0.8899244]1.1236909 
. 8596297 |1.1632916]! .8904458]1.1230329 
-8601357/1.1626073]|} .8909675|1.1223754 
.8606419]1.1619234|| .8914894]1.1217183 
.8611484|/1.1612400|| .8920116]1.1210616 
-8616551]1.1605571]|| .8925341]1.1204053 
.8621621|1.1598747]|} .8930569]1.1197495 
- 8626694] 1.1591927]| .8935799|1.1190941 
-8631768]1.1585112]| .8941032]1.1184391 
. 8636846] 1.1578301]| .8946268]1.1177846 
0.8641926|1.1571495]|0.8951506|1.1171305 
. 8647009] 1.1564693]| .895674711.1164768 
. 8652094] 1.1557896|| .8961991|1.1158235 
-8657181]1.1551104|| .8967238|1.1151706 
-8662272)1.1544316]| .8972487]1.1145189 
-8667365/1.1537532]] .8977739]1. 1138662 
-8672460]1.1530754]|} .8982994]1.1132146 
-8677558|1.1523979]| .8988251]1.1125635 
-8682659]1.1517210 -8993512]1.1119127 
.8687762/1.1510445|| .8998775 1.1112624 
0. 8692867 | 1. 1503684|10.9004040]1. 1106125 
Cotangent| Tangent ||Cotangent Tangent 
49° 48° 
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AND COTANGENTS 227 


42° 43° 44° 











Tangent |Cotangent|| Tangent |Cotangent|| Tangent |Cotangent 























59 | .9319714]1.0729943]| .9651268]1.0361333|| .9994184/1.0005819 
60 |0.9325151)]1.0723687 ||0. 9656888] 1 .0355303||1.0000000} 1. 0000000 


Cotangent! Tangent ||Cotangent| Tangent ||Cotangent! Tangent 


A4T° 46° 45° 


, 
0 j0.9004040)1.1106125//0.9325151]1.0723687]10.9656888] 1.0355303| 60 
1 } .9009309/1.1099630}| .9330591]1.0717435]| .9662511]1.0349277| 59 
2 | .9014580]1.1093140]| .9336034]1.0711187]| .9668137|1.0343254] 58 
3 | .9019854/1.1086653]| .9341479|1.0704943]| .9673767|1.0337235| 57 
4 | .9025131/1.1080171]| .9346928]1.0698702]| .9679399|1.0331220| 56 
5 | .9030411]1.1073693]| .9352380|1.0692466|| .9685035]1.0325208| 55 
6 | .9035693]1.1067219]| .9357834]1.0686233]| .9690674]1.0319199]| 54 
7 | .9040979)1.1060750]| .9363292|1.0680004}} .9696316|1.0313195| 53 
8 | .9046267|1.1054284|| .9368753]1.0673779|| .970196211.0307194| 52 
9 | .9051557|1.1047823]| .9374216|1.0667558]| .9707610]1.0301196| 51 

10 |0.9056851/1.1041365)/0.9379683] 1.0661341||0.9713262]1.0295203] 50 

11 | .9062147)1.1034913]| .9385153]1.0655128]| .9718917]1.0289212] 49 

12 | .9067446|1.1028463}| .9390625]1.0648918]| .9724575]1.0283226| 48 

13 | .9072748]1.1022019]| .9396101|1.0642713]| .9730236]1.0277243] 47 

14 | .$078053}1.1015578]| .9401579|1.0636511]| .9735901]1.0271263] 46 

15 | .9083360]1.1009141}| .9407061]1.0630313]| .9741569|1.0265287| 45 

16 | .9088671]1.1002709]| .9412545]1.0624119]| .9747240]1.0259315] 44 

17 | .9093984/1.0996281]} .9418033]1.0617929|| .9752914/1.0253346| 43 

18 | .9099300/1.0989857]| .9423523|1.0611742]| .9758591|1.0247381| 42 

19 | .9104619|1.0983436]| .9429017|1.0605560]| .9764272|1.0241419| 41 

20 |0.9109940/1.0977020)/0.9434513|1.0599381]|0.9769956| 1.0235461| 40 

21 | .9115265/1.0970609]| .9440013)1.0593206|| .9775643]1.0229506| 39 

22 | .9120592]1.0964201]| .9445516/1.0587035|| .9781333]1.0223555|] 38 

23 | .9125922)1.0957797)| .9451021]1.0580867]|| .9787027|1.0217608] 37 

24 | .9131255|1.0951397]| .9456530|1.0574704|| .9792724]1.0211664| 36 

25 | .9136591|1.0945002]| .9462042/1.0568544|| .9798424/1.0205723] 35 

26 | .9141929/1.0938610}| .9467556|1.0562388]| .9804127]1.0199786] 34 

27 | .9147270]1.0932223)| .9473074|1.0556235|| .9809833]1.0193853] 33 

28 | .9152615/1.0925840]| .9478595]1.0550087|| .9815543|1.0187923| 32 

29 | .9157962)1.0919460]) .9484119/1.0543942]| .9821256]1.0181997]| 31 

30 |0.9163312}1.0913085)|0. 9489646 | 1.0537801]|0.9826973] 1.0176074| 30 

31 | .9168665)1.0906714|| .9495176|1.0531664]} .9832692]1.0170155] 29 

32 | .9174020|1.0900347|| .9500709}1.0525531]| .9838415]1.0164239| 28 

33 | .9179379|1.0893984]| .9506245/1.0519401]| .9844141]1.0158326| 27 

34 | .9184740|1.0887624|| .9511784]1.0513275|| .9849871]1.0152418] 26 

35 | .9190104/1.0881269]| .9517326]1.0507153)| .9855603]1.0146512| 25 

36 | .9195471]1.0874918}| .9522871|/1.0501034]| .9861339/1.0140610| 24 

37 | .9200841|1.0868571|| .9528420]1.0494920]| .9867079|1.0134712] 23 

38 | .9206214|1.0862228]| .9533971|1.0488809]|| .9872821/1.0128817| 22 

39 | .9211590]1.0855889]| .9539526|1.0482702]|| .9878567|1.0122925| 21 

40 |0.9216969|1.0849554 |/0.9545083|1.0476598]|0.9884316|1.0117038] 20 

41 | .9222350)1.0843223|| .9550644/1.0470498]/ .9890069/1.0111153] 19 

42 | .9227734/1.0836896]|| .9556208]1.0464402|| .9895825]1.0105272| 18 

43 | .9233122|1.0830573]| .9561774|1.0458310]] .9901584!1.0099394| 17 

44 | .9238512|1.0824254|| .9567344/1.0452221]| .9907346|1.0093520| 16 

45 |} .9243905|1.0817939]|| .9572917]1.0446136]| .9913112]1.0087649] 15 

46 | .9249301]1.0811628]| .9578494]1.0440055]| .9918881]1.0081782] 14 

47 | .9254700}1.0805321)| .9584073]1.0433977|| .9924654|1.0075918| 13 

48 | .9260102|1.0799018]| .9589655]1.0427904|| .9930429/1.0070058] 12 

49 | .9265506/1.0792718]| .9595241]1.0421833]| .9936208]1.0064201] 11 

50 |0.9270914/1.0786423|/0.9600829| 1 .0415767 ||0.9941991|1.0058348] 10 

51 | .9276324|1.0780132)|| .9606421/1.0409704]| .9947777|1.0052497] 9 

52 | .9281738/1.0773845]|| .9612016]1.0403645]| .9953566|1.0046651| 8 

53 | .9287154]1.0767561]| .9617614}1.0397589]| .9959358]1.0040808] 7 

54 | .9292573/1.0761282)| .9623215|1.0391538)| .9965154/1.0034968] 6 

55 | .9297996|1.0755006]|| .9628819/}1.0385489|| .9970953)1.0029131} 5 

56 | .9303421]1.0748734]| .9634427|1.0379445)| .9976756]1.0023298] 4 

57 | .9308849|1.0742467|| .9640037/1.0373404]| .9982562]1.0017469| 3 

58 | .9314280/1.0736203)| .9645651 Aen esee - 9988371 tgnakeaa 4 

ile , 
ib 1 1 0 

















228 


TABLE XXIX.—NATURAL VERSED SINES 


oO orn Se OOOO 


~ 


= 


i a 
WN COBNAORWNHO 


i=) 


eh 
OWON OD Or 


20 


























0° 1° 2° 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 

, }0. 00000000 .0000000}|0 .0001523}0.0001523||0.0006092]0.0006095 
.0000000} .0000000}| .0001574} .0001574|| .0006194| .0006198 
0000002] .0000002|| .0001626| .0001627|| .0006296| .0006300 
.0000004} .0000004}} .0001679] .0001679}| .0006400| .0006404 
.0000007} .0000007}} .0001733| .0001733]} .0006505} .0006509 
0000011] .0000011}} .0001787} .0001788]| .0006610} .0006614 
-0000015} .0000015}} .0001843] .0001843|| .0006716] .0006721 
-0000021} .0000021}} .0001899}] .0001900|| .0006823} .0006828 
.0000027}] .0000027}} .0001956}] .0001957)| .0006931) .0006936 
0000034} .0000034]| .0002014}] .0002015]| .0007040} .0007045 

0.0000042/0. 0000042 }|0.0002073}0.0002073||}0.0007149/0.0007154 
.0000051} .0000051}} .0002133| .0002133)|| .0007260| .0007265 
-0000061} .0000061}} .0002193| .0002194|| .00073871] .0007376 
0000072} .0000072]} .0002255| .0002255!| .0007483] .0007489 
0000083} .0000083)||} .0002317] .0002317]| .0007596} .0007602 
.0000095} .0000095}} .0002380} .0002380]| .0007710} .0007716 
.0000108} .0000108)}|} .0002444| .0002444]| .0007824| .0007830 
.0000122| .0000122]|} .0002508] .0002509}| .0007940| .0007946 
.0000137} .0000137}} .0002574| .0002575|| .0008056) .0008063 
-0000153} .0000153/}} .0002640} .0002641}|| .0008173| .0008180 

0.0000169]0. 0000169 ||0. 0002708] 0.0002708]|0.0008291|0.0008298 
.0000187} .0000187]} .0002776} .0002776]|| .0008410| .0008417 
.0000205] .0000205]} .0002844} .0002845]| .0008530| .0008537 
.0000224| .0000224}) .0002914} .0002915}| .0008650| .0008658 
.0000244} .0000244}} .0002985] .0002986]| .0008772| .0008779 
.0000264| .0000264}} .0003057} .0003058]| .0008894] . 0008902 
. 0000286] .0000286}]} .0003129] .0003130]| .0009017} .0009025 
.0000308] .0000308]} .0003202] .0003203]| .0009141} .0009149 
- 0000332} .0000332|| .0003276| .0003277|| .0009266| .0009274 
.0000356] .0000356}| .0003351}] .0003352}| .0009391{ .0009400 

0.0000381]0.0000381 ||/0 .0003427 |0 .0003428)||0.0009518/0.0009527 
.0000407} .0000407 |} .0003503] .0003505|| .0009645| .0009654 
-0000433] .0000433}; .0003581] .0003582|} .0009773} .0009783 
.0000461} .0000461/}| .0003659}] .0003660]|| .0009902} .0009912 
-0000489| .0000489]| .0003738] .0003739]| .0010032] .0010042 
.0000518} .0000518}| .0003818] .0003820|| .0010163] .0010173 
-0000548) .0000548|} .0003899] .0003900|} .0010294] .0010305 
-0000579| .0000579}} .0003980] .0003982]| .0010427] .0010438 
.0000611} .0000611]} .0004063} .0004065|| .0010560] .0010571 
-0000643] .0000644|| .0004146] .0004148]|| .0010694] .0010705 

0.0000677 |0 .0000677 ||0 .0004230]0.0004232||0.0010829|0.0010841 
.0000711} .0000711]} .0004316] .0004317|| .0010965| .0010977 
.0000746| .0000746 .0004401] .0004403 -0011101] .0011114 
.0000782] .0000782 -0004488] .0004490 -0011239| .0011251 
.0000819] .0000819 }] .0004576] .0004578]|| .0011377} .0011390 
.0000857] .0000857 || .0004664] .0004666|| .0011516} .0011529 
.0000895| .0000895]| .0004753} .0004756|| .0011656] .0011670 
-0000935] .0000935 || .0004843| .0004846|| .0011797| .0011811 
.0000975} .0000975]| .0004934] .0004937)| .0011939] .0011953 
-0001016] .0001016]| .0005026] .0005029]| .0012081] .0012096 

0.0001058]0 . 0001058 ||0 .0005119 |0.0005121]|0.0012225|0.0012239 
-0001100} .0001101]) .0005212] .0005215|| .0012369] .0012384 
.0001144) .0001144}| .0005307} .0005309|| .0012514}] .0012529 
-0001188] .0001189}| .0005402} .0005405|| .0012660] .0012676 
-0001234) .0001234)| .0005498] .0005501]} .0012806] .0012893 
-0001280| .0001280}) .0005595| .0005598]| .0012954| .0012971 
.0001327) .0001327]|| .0005692] .0005696|| .0013102| .0013120 
-0001375| .0001375]| .0005791] .0005794|| .0013252| .0013269 
.0001423) .0001423)| .0005890| .0005894]| .0013402] .0013420 


.0001473 


.0001473 


- 0005991 


-0005994 


- 0013553 


13571 


-00 
0 .000152310. 0001523110 .000609210.0006095!'0.001370510.0013723 
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pat 
Somrommewre | s 


- 0054477 
80 0.0024359 10.0024419 110. 003805310 .0038198110.005478110.0055083 


i=) 


3° 


Vers. Ex. sec. 


.0013705]0.0013723 
-0013857| .0013877 
-0014011} .0014030 
-0014165] .0014185 
-0014320] .0014341 
-0014476] .0014497] 
-0014633] .0014655 
-0014791} .0014813 
-0014950}] .0014972 
Neg ea -0015132 


-0015430} .0015454 
-0015592] .0015617 
-0015755| .0015780 
-0015919} .0015944 
-0016083} .9016109 
- 0016249] .0016275 
-0016415}] .0016442 
-0016582] .0016609 
Oe ieare -0016778 


.0017088} .0017117 
-0017258] .0017288 
-0017430) .0017460 
-0017602} .0017633 
-0017775| .0017806 
-0017948} .0017981 
.0018123} .0018156 
-0018299| .0018332 
jhede aah - 0018509 


- 0018830] .0018866 
-0019009} .0019045 
-0019189] .0019225 
-0019369} .0019407 
-0019550] .0019589 
-0019733} .0019772 
-0019916; .0019956 
-0020100} .0020140 
- 0020284] .0020326 
.0020470)0.0020512 


-0020657| .0020699 
. 0020844] .0020887 
-0021032| .0021076 
-0021221] .0021266 
.0021411| .0021457 
-0021601| .0021648 
.0021793| .0021841 
-0021985| .0022034 
.0022179| .0022228 
. 0022373 |0.0022423 


.0022567} .0022619 
.0022763| .0022815 
.0022960] .0023013 
.0023157| .0023211 
.0023355| .0023410 
.0023555| .0023610 
.0023755| .0023811 
.0023955| .0024013 


0015269 |0.0015293 


0016918/0.0016947 


0018652/}0.0018687 


.0024157| .0024216 





4° 
Vers. Ex. sec. 


0.0024359 |0.0024419 
-0024563] .0024623 
- 0024767} .0024829 
-0024972} .0025035 
-0025178} .0025241 
-0025385} .0025449 
-0025592] .0025658 
-0025801} .0025867 
-0026010] .0026078 
- 0026220} .0026289 

0.0026431]0.0026501 


-0026643| .0026714 
-0026855| .0026928 
-0027069} .0027142 
-0027283] .0027358 
-0027498] .0027574 
-0027714} .0027791 
-0027931} .0028009 
- 0028149] .0028228 
- 0028367} .0028448 
0 .0028587 |0.0028669 


-0028807} .0028890 
-0029028} .0029112 
-0029250| .0029336 
- 0029472] .0029560 
-0029696| .0029785 
- 0029920; .0030010 
-0030146| .0030237 
- 0030372} .0030464 
-0030599] .0030693 
00030827 |0.0030922 


-0031055} .0031152 
-0031285} .0031383 
-0031515} .0031615 
-0031746] .0031847 
-0031978} .0032081 
-0032211} .0032315 
- 0032445} .0032551 
- 0032679} .0032787 
-0032915} .0033024 
0.0033151]0.0033261 


-0033388]} .0033500 
-0033626] .0033740 
-0033865] .0033980 
-0034105| .0034221 
-0034345} .0034463 
- 0034586} .0034706 
-0034828| .0034950 
-0035071} .0035195 
.0035315| .0035440 
0.0035560 |0 .0035687 


.0035805} .0035934 
-0036052} .0036182 
-0036299} .0036431 
-0036547} .0036681 
- 0036796} .0036932 
-0037046} .0037183 
. 0037296} .0037436 
. 0037548} .0037689 
.0037800} .0037943 











5° 
Vers. Ex, sec. 
0.0038053|0.0038198 
-0038307] .0038454 
-0038562}| .0038711 
-0038817} .0038969 
-0039074| .0039227 
-0039331} .0039486 
-0039589}] .0039747 
-0039848} .0040008 
.0040108] .0040270 
-0040369} .0040533 
0.0040630]0.0040796 
.0040893} .0041061 
-0041156] .0041326 
0041420] .0041592 
.0041685}| .0041859 
-0041951] .0042127 
-0042217] .0042396 
.0042485| .0042666 
.0042753]| .0042937 
-0043022] .0043208 
0.0043292]0.0043480 
.0043563] .0043753 
-0043835}| .0044028 
.0044107| .0044302 
.00443880] .0044578 
.0044655| .0044855 
-0044930} .0045132 
-0045205| .0045411 
-0045482] .0045690 
.0045760| .0045970 
0.0046038] 0.0046251 
.0046317| .0046533 
.0046597} .0046815 
-0046878] .0047099 
.0047160| .0047383 
.0047443| .0047669 
.0047726] .0047955 
.0048010] .0048242 
.0048295| .0048530 
.0048581] .0048819 
0.0048868] 0.0049108 
.0049156}] .0049399 
.0049444] .0049690 
.0049734] .0049982 
.0050024] .0050275 
-0050315] .0050569 
.0050607} .0050864 
.0050899} .0051160 
.0051193] .0051456 
.0051487} .0051754 
0.0051783|0.0052052 
.0052079|} .0052351 
.0052375| .0052651 
.0052673] .0052952 
.0052972| .0053254 
.0053271| .0053557 
.0053572| .0053860 
.0053873| .0064164 
.0054175| .0054470 


. 0054776 
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— 


Vers. Ex. sec. 
0.0054781)0.0055083 
-0055086] .0055391 
0055391] .0055699 
0055697] .0056009 
.0056004] .0056319 
.0056312] .0056631 
.0056621) .0056943 
0056930] .0057256 
0057240] .0057570 
-0057552| .0057885 
0057864]0. 0058200 
-0058177| .0058517 
-0058490! .0058834 
.0058805| .0059153 
0059120] .0059472 
0059437] .0059792 
.0059754] .0060113 
.0060072] .0060435 
0060390] .0060757 
-0060710} .0061081 
-0061031]0.0061405 
-0061352] .0061731 
0061674] .0062057 
-0061997} .0062384 
-0062321] .0062712 
0062645} .0063040 
.0062971] .0063370 
-0063297] .0063701 
-0063625| .0064032 
-0063953| .0064364 
.0064281]0.0064697 
.0064611} .0065031 
- 0064942] .0065366 
-0065273] .0065702 
0065605] .0066039 
0065938] .0066376 
-0066272| .0066714 
.0066607} .0067054 
.0066943] .0067394 
-0067279] .0067735 
-0067616]0.0068077 
-0067955}] .0068419 
- 0068294] .0068763 
.0068633}] .0069108 
0068974] .0069453 
.0069315} .0069799 
0069658] .0070146 
.0070001} .0070494 
.0070345] .0070843 
-0070690] .0071193 
0071035|0.0071544 
.0071382] .0071895 
-0071729] .0072248 
.0072078} .0072601 
.0072427| .0072955 
-0072776| .0073310 
.0073127| .0073666 
.0073479| .0074023 
.0073831] .0074380 
.0074184] .0074739 
.0074538/0. 


oO 


7 











8° 
Vers. Ex. sec. Vers. Ex sec. 
0.0074538]0.0075098]|0.0097319]}0.0098276 
0074893] .0075459}| .0097725| .0098689 
.0075249| .0075820/} .0098131] .0099103 
.0075606] .0076182}| .0098538] .0099518 
.0075963| .0076545|| .0098945] .0099934 
.0076321] .0076908}| .0099354} .0100351 
0076681} .0077273|| .0099763]| .0100769 
.0077041] .0077639 0100174} .0101187 
.0077401] .0078005 -0100585]| .0101607 
.0077763] .0078372|} .0100997| .0102027 
0.0078126/0.0078741 -0101410|0.0102449 
.0078489] .0079110}} .0101823} .0102871 
-0078853} .0079480|} .0102238] .0103294 
.0079218] .0079851 -0102653] .0103718 
.0079584] .C080222}} .0103069} .0104143 
.0079951} .9080595 0103486] .0104568 
-9080318] .0080968]} .0103904] .0104995 
.0080686| .0081343 -0104323] .0105422 
-0081056} .0081718]] .0104742] .0105851 
.0081426] .0082094 -0105162} .0106280 
0.0081796]0.0082471 -0105584|0.0106710 
-0082168] .0082849|} .0106006] .0107141 
-0082541} .0083228]) .0106428] .0107573 
-0082914] .0083607 .0106852] .0108006 
-0083288] .0083988]| .0107277| .0108440 
- 0083663] .0084369]| .0107702] .0108875 
- 0084039} .0084752]| .0108128] .0109310 
-0084416} .0085135}| .0108555] .0109747 
-0084794] .0085519 .0108983| .0110184 
-0085172} .0085904}] .0109412] .0110622 
0.0085551]0.0086290|}0.0109841]0.0111061 
-0085931] .0086676]} .0110272] .0111501 
-0086312] .0087064|} .0110703] .0111942 
- 0086694] .0087452}} .0111135] .0112384 
-0087077] .0087842]| .0111568] .0112827 
-0087460} .0088232}} .0112002| .0113270 
-0087845] .0088623]] .0112436] .0113715 
-0088230] .0089015}| .0112872] .0114160 
-0088616] .0089408]| .0113308] .0114606 
-0089003] .0089802]} .0113745] .0115054 
0.0089390]0.0090196]/0.0114183]0.0115502 
- 0089779] .0090592]| .0114622} .0115951 
-0090168}] .0090988}| .0115061] .0116400 
-0090558} .0091386]] .0115502} .0116851 
- 0090949} .0091784|} .0115943] .0117303 
-0091341} .0092183]} .0116385] .0117755 
-0091734| .0092583]} .0116828] .0118209 
-0092127| .0092984/| .0117272] .0118663 
-0092522| .0093386]| .0117716] .0119118 
-0092917] .0093788]|} .0118162} .0119575 
0.0093313/0.0094192||0.011860810 .0120032 
-0093710} .0094596]} .0119055] .0120489 
-0094107} .0095001]! .0119503} .0120948 
-0094506| .0095408]} .0119952] .0121408 
-0094905| .0095815]| .0120401] .0121869 
-0095306] .0096223|| .0120852] .0122330 
-0095707| .0096631]| .0121303] .0122793 
-0096109| .0097041}| .0121755] .0123256 
.0096511 Pe Raee -0122208] .0123720 
-0096915} .0097863 122662] .0124185 





00750981!0.009731910.0098276Il0. 012311710.0124651 
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9° 
, 
Vers Ex. sec 
0 |0.0123117/0.0124651 
1 -0123572] .0125118 
2] .0124028] .0125586 
3 | .0124486} .0126055 
4] .0124943} .0126524 
5 | .0125402] .0126995 
6 | .0125862} .0127466 
7 | .0126322] .0127939 
8 | .0126784} .0128412 
9 | .0127246] .0128886 
10 |0.0127709]0.0129361 
11 | .0128173] .0129837 
12 | .0128637] .0130314 
13 | .0129103] .0130791 
14 -0129569| .0131270 
15 | .0130036] .0131750 
16 | .0130504} .0132230 
17 | .0130973] .0132711 
18 | .0131443] .0133194 
19 | .0131913) .0133677 
20 |0.0132385/0.0134161 
21 | .0132857] .0134646 
22 | .0133330] .0135132 
23 | .0133804] .0135618 
24 | .0134278| .0136106 
25 | .0134754} .0136595 
26 | .0135230] .0137084 
27 | .0135707] .0137574 
28 | .0136185] .0138066 
29 | .0136664] .0138558 
30 |0.0137144/0.0139051 
31 | .01387625} .0139545 
32 | .0138106} .0140040 
33 | .0138588] .0140536 
34 | .0139071] .0141032 
35 | .0139555) .0141530 
36 | .0140040} .0142029 
37 | .0140525] .0142528 
38 | .0141012} .0143028 
39 | .0141499| .0143530 
40 |0.0141987/0.0144032 
41 | .0142476] .0144535 
42 | .0142965| .0145039 
43 | .0143456] .0145544 
44 | .0143947}] .0146050 
45 | .0144439] .0146556 
46 | .0144932} .0147064 
47 | .0145426| .0147572 
48 |} .0145921| .0148082 
49 .0146417| .0148592 
50 |0.0146913]0.0149103 
51 .0147410] .0149616 
52 .0147908}] .0150129 
53 | .0148407] .0150643 
54 | .0148907} .0151158 
55 | .0149407] .0151673 
56 | .0149909] .0152190 
57 | .0150411} .0152708 
58 | .0150914] .0153226 


59 | .0151418 
60 |0.015192210. 


-0153746 
0154266 








10° 
Vers Ex. sec. 
0.0151922]0.0154266 
-0152428] .0154787 
-0152934} .0155310 
-0153442} .0155833 
-0153950] .0156357 
-0154458] .0156882 
-0154968] .0157408 
-0155479] .0157934 
-0155990] .0158462 
-0156502] .0158991 
0.0157015|0.0159520 
-0157529| .0160050 
-0158044} .0160582 
.0158559} .0161114 
-0159076| .0161647 
-0159593} .0162181 
-0160111} .0162716 
-0160630] .0163252 
-0161150} .0163789 
-0161670} .0164327 
0.0162192)0.0164865 
-0162714| .0165405 
-0163237| .0165946 
.0163761] .0166487 
-0164285] .0167029 
-0164811}| .0167573 
-0165337| .0168117 
-0165864| .0168662 
-0166392] .0169208 
-0166921} .0169755 
10.0167451/0.0170303 
-0167981| .0170851 
-0168513|] .0171401 
-0169045} .0171952 
-0169578] .0172503 
-0170112|] .0173056 
.0170647| .0173609 
-0171182] .0174163 
-0171718] .0174719 
-0172256) .0175275 
0.0172794|0.0175832 
0173332] .0176390 
0173872] .0176949 
.0174413} .0177509 
.0174954| .0178069 
.0175496| .0178631 
.0176039| .0179194 
.0176583] .0179757 
-0177127| .0180321 
.0177673| .0180887 
0.0178219|0.0181453 
.0178766| .0182020 
.0179314} .0182588 
-0179863} .0183158 
.0180413] .0183728 
.0180963} .0184298 
-0181515] .0184870 
.0182067} .0185443 
.0182620] .0186017 
.0183174| .0186591 











231 


id: 

Vers. Ex. sec. 
.0183728/0.0187167 
-0184284| .0187743 
0184840} .0188321 
.0185397] .0188899 
0185955! .0189478 
.0186514] .0190059 
.0187073| .0190640 
-0187634|- .0191222 
.0188195| .0191805 
.0188757| .0192389 
.0189320| 0.0192973 
.0189884] .0193559 
.0190448| .0194146 
0191014) .0194734 
.0191580| .0195322 
.0192147| .0195912 
.0192715| .0196502 
.0193284| .0197093 
0193853] .0197686 
.0194424| .0198279 
-0194995]0.0198873 
.0195567| .0199468 
-0196140] .0200064 
.0196714] .0200661 
.0197288] .0201259 
-0197864] .0201858 
.0198440| .0202457 
-0199017| .0203058 
-0199595] .0203660 
-0200173} .0204262 
.0200753]0.0204866 
.0201333] .0205470 
-0201914] .0206075 
.0202496| .0206682 
0203079] .0207289 
.0203663| .0207897 
0204248] .0208506 
.0204833] .0209116 
-0205419| .0209727 
-0206006| .0210339 
.0206594] 0.0210952 
-0207182] .0211566 
.0207772| .0212180 
0208362} .0212796 
.0208953| .0213413 
0209545] .0214030 
0210138] .0214649 
0210732] .0215268 
.0211326] .0215888 
.0211921] .0216510 
.0212517|0.0217132 
0213114] .0217755 
.0213712] .0218379 
0214311] .0219004 
.0214910| .0219630 
.0215510] .0220257 
.0216111] .0220885 
.0216713} .0221514 
.0217316| .0222144 

0217920] .0222774 


as 0183728!0.01871671I0. 0218594 0.0223406 


—e————————— ee SSSSSSSSGSeEeE 
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2a2 TABLE XXIX.—NATURAL VERSED SINES 





12° V13° 14° : 
¥} || Seen cnk_- “Penprcemetees |((Focss Serpe Ce EN ee eee 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 
0 |0.0218524|0.0223406||0.0256299|0.0263041]|0.0297043/0.0306136| Oo 
1 | .0219129} .0224039)| .0256954| .0263731]| .0297747| .0306884] 1 
2 | .0219735] .0224672]| .0257610} .0264421]| .0298452] .0307633] 2 
3 | .0220342| .0225307 .0258266] .0265113]| .0299158} .0308383] 3 
4 | .0220950] .0225942]|| .0258923] .0265806]| .0299864| .0309134 4 
5 | .0221558} .0226578|| .0259581) .0266499|| .0300572) .0309886 5 
6 | .0222168] .0227216|| .0260240] .0267194!] .0301280] .0310639 6 
7 | .0222778] .0227854]| .0260900] .0267889|| .0301989| .0311393 v 
8 | .0223389| .0228493]} .0261561| .0268586]] .0302699] .0312147 8 
9 -0224001] .0229133]]} .0262222] .0269283]| .0303409] .0312903 9 
10 |0.0224613|0.0229774||0.0262884|0.0269982]/0.0304121/0.0313660 10 
11 | .0225227| .0230416]} .0263547| .0270681|| .0304833] .0314418 11 
12 .0225841] .0231059||} .0264211} .0271381 .0305547] .0315177} 12 
13 -0226456] .0231703]| .0264876] .0272082]|| .0306260] .0315936 13 
14 | .0227072} .0232348]| .0265541] .0272785|| .0306975| .0316697 14 
15 | .0227689] .0232994|| .0266207| .0273488]| .0307691| .0317459 15 
16 | .0228307} .0233641]| .0266875] .0274192]|| .0308407] .0318222 16 
17 | .0228925] .0234288]] .0267542] .0274897|| .0309125] .0318985 17 
18 | .0229544| .0234937]| .0268211] .0275603]| .0309843] .0319750 18 
19 | .0230164} .0235587]|| .0268881] .0276310]| .0310562} . 0320516} 19 
20 |0.0230785/0.0236237 || 0.0269551|0.0277018]|0.0311281|0. 0321282} 20 
21 | .0231407] .0236889]| .0270223] .0277727]] .0312002) . 0322050} 21 
22 | .0232030] .0237541 .0270895] .0278437}| .0312723] .0322818| 22 
23 | .0232653] .0238195]| .0271568] .0279148]| .0313445| . 0323588] 23 
24 | .0233277] .0238849]} .0272241] .0279860|] .0314168| . 0324359} 24 
25 | .0233902] .0239504]| .0272916| .0280573]] .0314892| . 0325130} 25 
26 | .0234528] .0240161 -0273591] .0281287]] .0315617] .0325903 26 
27 | .0235155| .0240818]| .0274267] .0282002]| .0316342] . 0326676) 27 
28 | .0235782| .0241476]] .0274944| .0282717|| .0317069| . 0327451} 28 
29 | .0236411] .0242135|| .0275622] .0283434|| .0317796| . 0328227] 29 
30 |0.0237040|0.0242795]|0.0276301|0.0284152||0.0318524 0.0329003! 30 
31 | .0237670] .0243456 -0276980] .0284871}| .0319252] .0329781 31 
32 | .0238301] .0244118 .0277661] .0285590]} .0319982| .0330559 32 
33 | .0238932] .0244781 - 0278342] .0286311]] .0320712 _ -0331339] 33 
34 | .0239565] .0245445 -0279024] .0287033}} .0321443|° .0332119] 34 
35 | .0240198] .0246110 -0279706} .0287755|| .0322175| .0332901! 35 
36 | .0240832] .0246776 -0280390] .0288479 -0322908} .0333683| 36 
37 | .0241467| .0247442 -0281074] .0289203 - 0323642] .0334467| 37 
38 | .0242103] .0248110 -0281760] .0289929 . 0324376] .0335251} 38 
39 | .0242740] .0248779 -0282446| .0290655|| .0325112] .0336037 39 
40 |0.0243377 |0.0249448 || 0.0283133 |0.02913831/0. 0325848] 0.0336823| 40 
41 | .0244015] .0250119 -0283820] .0292111 -0326585] .0337611| 41 
42 | .0244655| .0250790 -0284509] .0292840]} .0327322| .0338399] 42 
43 | .0245294| .0251463 -0285198] .0293571 -0328061} .0339188] 43 
44 | 0245935] .0252136 -0285888] .0294302]| .0328800] .0339979 44 
45 | .0246577| .0252811 -0286579} .0295034]] .0329541| .0340770| 45 
46 | .0247219] .0253486 -0287271] .0295768]| .0330282] .0341563] 46 
47 | .0247862| .0254162 -0287964} .0296502|| .0331023| .0342356| 47 
48 | .0248506] .0254839 -0288657} .0297237|| .0331766| .0343151| 48 
49 | .0249151] .0255518|| .0289351| . 0297973]| .0332510} .0343946] 49 
50 |0.0249797|0.0256197 -0290047 |0.0298711]|0.0333254|0.0344743] 50 
51 | .0250444} .0256877|| .0290742] . 0299449]} .0333999] .0345540| 57 
52 | .0251091} .0257558]|| .0291439] .0300188 -0334745] .0346338] 52 
53 | .0251739] .0258240]|| .0292137 -0300928]| .0335492} .0347138] 53 
54 | .0252388] .0258923]] .0292835] .0301669 .0336239! .0347938] 54 
55 | .0253038| .0259607|| .0293534| .0302411 -0336988] .0348740] 55 
56 | .0253689| .0260292]| .0294234| .0303154 .0337737| .0349542) 56 
57 | .0254340| .0260978]| .0294935| .0303898 0338487] .0350346] 57 
58 | .0254992] .0261665|| .0295637| .0304643 . 0329238] .0351150| 5% 
59 | .0255645| .0262352]! .0296339] .0305389 -0339989| .0351955| 59 
60 |0.025629910.0263041110.029704310.0306136110.034074210. 03527621 60 


i See 


AND EXTERNAL SECANTS 
a 


15° 
Vers. Ex. sec. 


0.0340742/0.0352762 
-0341495] .0353569 
-0342249| .0354378 
- 0343004] .0355187 
- 0343760] .0355998 
-0344516} .0356809 
- 0345274) .0357621 
-0346032] .0358435 
-0846791} .0359249 
-0847551] .0360065 
10 |0.0348311]0.0360881 


11 | .0349073} .0361699 
12 | .0349835] .0362517 
13 | .0350598] .0363337 
14 | .0351362] .0364157 
15 | .0352127} .0364979 
16 | .0352892| .0365801 
17 | .0353659} .0366625 
18 | .0354426} .0367449 
19 | .0355194] .0368275 
20 |0.0255963]0.0369101 


21 | .0356732} .0369929 
22 | .0357503) .0370757 
23 | .0358274| .0371587 
24 | .0359046] .0372417 
25 | .0359819} .0373249 
26 | .0360593] .0374082 
27 | .0361367] .0374915 
28 | .0362142| .0375750 
29 | .0362919} .0376585 
30 |0.0363695]0.0377422 


31 | .0364473] .0378260 
32 | .0365252} .0379098 
33 | .0366031] .0379938 
34 | .0366811} .0380779 
35 | .0367592| .0381621 
36 | .0368374] .0382463 
37 | .0369157) .0383307 
38 | .0369940] .0384152 
389 | .0370725] .0384998 
40 |0.0371510]0.0385844 


41 } .0372296] .0386692 
42 | .0373083] .0387541 
43 | .0373870| .0388391 
44 | .0374658| .0389242 
45 | .0375448) .0390094 
46 | .0376238| .0390947 
47 | .0377028} .0391800 
48 | .0377820] .0392655 
49 | .0378613], .0393511 
50 |0.0379406|0.0394368 


51 | .0380200] .0395226 
52 | .0380995| .0396085 
53 | .0381790| .0396945 
54 | .0382587| .0397806 
55 | .0383384] .0398669 
56 | .0384182} .0399532 
57 | .0384981} .0400396 
58 | .0385781} .0401261 
59 | .0386582| .0402127 





HIS EAM | ~ 


60 |0.038738310.0402994 |I0. 0436952 /0.0456918||0.0489435|0. 


16° 
Vers. Ex. sec. 


0.0387383]0.0402994 
-0388185] .0403863 
-0388988] .0404732 
-0389792] .0405602 
-0390597} .0406473 
-0391402] .0407346 
- 0392208] .0408219 
-0393016] .0409094 
- 0393823] .0409969 
-0394632} .0410845 
0.0395442|0.0411723 


-0896252} .0412601 
-0397063] .0413481 
-0397875] .0414362 
-0398688] .0415243 
-0399501} .0416126 
-0400316} .0417009 
-0401131] .0417894 
-0401947] .0418780 
.0402764] .0419667 
0.0403582 0 .0420554 


-0404400] .0421443 
.0405219}] .0422333 
-0406039} .0423224 
-0406860} .0424116 
-0407682} .0425009 
-0408504] .0425903 
- 0409328] .0426798 
-0410152| .0427694 
.0410977| .0428591 
0.0411803]0.0429489 


-0412629} .0430388 
-0413457| .0431289 
-0414285}] .0432190 
-0415114} .0433092 
-0415944} .0433995 
.0416774| .0434900 
-0417606} .0435805 
-0418438] .0436712 
-0419271] .0437619 
0.0420105]0.0438528 


-0420940] .0439437 
-0421775| .0440348 
-0422611] .0441259 
-0423448] .0442172 
-0424286| .0443086 
-0425125| .0444001 
-0425965] .0444917 
-0426805) .0445833 
-0427646! .0446751 
0.0428488]0.0447670 


-0429331] .0448590 
-0430175| .0449511 
-0431019| .0450433 
-0431864| .0451357 
-0432710] .0452281 
.0433557| .0453206 
-0434405] .0454132 
- 0435253] .0455060 
-0436102] .0455988 
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1 

Vers. Ex. sec. 
0.0436952/0.0456918 
-0437803| .0457848 
-0438655] .0458780 
-0439508] .0459712 
-0440361| .0460646 
-0441215) .0461581 
-0442070] .0462516 
-0442926] .0463453 
-0443782| .0464391 
-0444639| .0465330 
0.0445498]0.0466270 
.0446357] .0467211 
.0447216| .0468153 
-0448077| .0469096 
-0448938] .0470040 
0449801] .0470986 
0450664] .0471932 
-0451527| .0472879 
-0452392| .0473828 
.04532571 .0474777 
0.045412410.0475728 
-0454991] .0476679 
-0455859| .0477632 
-0456727| .0478586 
0457597] .0479540 
.0458467} .0480496 
-0459338] .0481453 
-0460210] .0482411 
-0461083] .0483370 
-0461956| .0484330 
0.0462830] 0 .0485291 
.0463706] .0486253 
-0464582] .0487217 
-0465458] .0488181 
-0466336| .0489146 
-0467214} .0490113 
-0468093] .0491080 
-0468973] .0492049 
-0469854| .0493019 
.0470736| .0493989 
0.0471618] 0.0494961 
-0472501] .0495034 
-0473385] .0496908 
-0474270] .0497883 
-0475156| .0498859 
-0476042| .0499836 
-0476929| .0500815 
0477817] .0501794 
-0478706} .0502774 
.0479596| .0503756 
0.0480486/ 0.0504738 
.0481377| .0505722 
.0482269| .0506706 
-0483162|] .0507692 
-0484056| .0508679 
-0484950] .0509667 
.0485846| .0510656 
.0486742] .0511646 
-0487639| .0512637 
0488536 0513629 
0514622 


= 
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234 TABLE XXIX.—NATURAL VERSED SINES 








18° 419° 20° ; 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 





. 0489435 /0.0514622||0.0544814]/0.0576207 ||0.0603074|0.0641778 
.0490334] .0515617]| .0545762} .0577267|| .0604069| .0642905 
-0491234] .0516612]} .0546710} .0578328|| .0605065| .0644033 
.0492135] .0517608]| .0547659} .0579390;| .0606062| .0645163 
-0493037] .0518606]| .0548609] .0580453|| .0607060| .0646294 
-0493939] .0519605]} .0549559] .0581517|| .0608058| .0647425 
-0494843}) .0520604|} .0550511] .0582583]) .0609057} .0648558 
-0495747| .0521605]| .0551463] .0583649]} .0610058; .0649693 
-0496652} .0522607 || .0552416] .0584717]| .0611058] .0650828 
.0497557| .0523610}| .0553370] .0585786]| .0612060] .0651964 
0.0498464/0. 0524614 |/0.0554325]0.0586855||0.0613062/0.0653102] 10 


11 | .0499371] .0525619]] .0555280] .0587926|| .0614066] .0654240] 11 
12 | .0500279| .0526625]] .0556236| .0588999]| .0615070| .0655380| 12 
13 | .0501188] .0527633]] .0557193] .0590072]|| .0616075| .0656521] 13 
14 | .0502098} .0528641]| .0558151] .0591146|| .0617080| .0657663| 14 
15 | .0503009} .0529651]|| .0559110] .0592221|] .0618087] .0658807| 15 
16 | .0503920] .0530661]] .0560069] .0593298]| .0619094| .0659951| 16 
17 | .0504832) .0531673]| .0561029] .0594376{| .0620102] .0661097) 17 
18 | .0505745) .0532685]| .0561990] .0595454|| .0621111] .0662243| 18 
19 | .0506659! .0533699|| .0562952] .0596534|| .0622120| .0663391| 19 
20 |0.0507574/0. 0534714 ||0.0563915|0.0597615]!10.0623131|0.0664540] 20 


21 | .0508489) .0535730]| .0564878] .0598697|| .0624142| .0665690] 21 
22 | .0509405| .0536747|| .0565843] .0599781|| .0625154| .0666842| 22 
23 | .0510322| .0537765|| .0566808] .0600865|} .0626167| .0667994| 23 
24 | .0511240) .0538785]| .0567773] .0601951]|| .0627180| .0669148] 24 
25 | .0512158} .0539805|| .0568740] .0603037]| .0628194] .0670302| 25 
26 | .0513078) .0540825]| .0569707} .0604125|| .0629210] .0671458] 26 
27 | .0513998) .0541849|) .0570676] .0605214|| .0630226| .0672615| 27 
28 | .0514919| .0542873|| .0571645] .0606304|| .0631242] .0673774| 28 
29 | .0515841| .0543897]|| .0572614] .0607395|| .0632260] .0674933] 29 
30 |9.0516763)0. 0544923 |/0.0573585|0.0608487||0.0633278|0.0676094| 30 


31 | .0517687) .0545950|| .0574556] .0609580]| .0634297] .0677255] 31 
32 | .0518611] .0546978}| .0575529] .0610675|| .0635317| .0678418| 32 
33 | .0519536] .0548007|| .0576502] .0611770|| .0636338! .0679582] 33 
34 | .0520462) .0549037|| .0577475] .0612867]] .0637359| .0680747] 34 
35 | .0521388} .0550068]|| .0578450| .0613965]| .0638382| .0681914| 35 
36 | .0522316] .0551101]| .0579425] .0615064|| .0639405| .06830811 36 
37 | .0523244) .0552134]| .0580402] .0616164|| .0640429| |0684250| 37 
38 | .0524173] .0553169|| .0581379] .0617265]| .0641453] .0685420] 38 
39 | .0525103) .0554204|| .0582356] .0618367|| .0642479| .0686591| 39 
40 |0.0526034/0.0555241|/0.0583335}0.0619471||0.0643505/0.0687768| 40 


41 | .0526965| .0556279|| .0584314] .0620575]| .0644532| .0688936 
42 | .0527897| .0557318]| .0585295| .0621681|| .0645560] .0690110 
43 | .0528830] .0558358]] .0586276| .0622788]|| .0646588| |0891286 
44 | .0529764| .0559399|| .0587257| .0623896|| .0647618] 10892463 
45 | .0530699| .0560441]| .0588240] .0625005|| .0648648] .0693641 
46 | .0531634| .0561485]| .0589223] .0626115|| .0649679| _0694820 
47 | .0532570| .0562529|| .0590207| .0627227]|| .0650711] .0896000 
48 | .0533507| .0563575]| .0591192] .0628339]|| .0651743] |0697182 
49 | .0534445| .0564621|| .0592178] .0629453|| .0652777| .0698364 
50 /0.0535384/0.0565669|/0.0593165]0.0630568||0.0653811/0.069954S 


51 | .0536323) .0566718]} .0594152] .0631684|| .0654846 .0700733 
52 | .0537264| .0567768]| .0595140] .0632801|| |0655881 -0701919 
53 | .0538205) .0568819|| .0596129] .0633919|| .0656918] . 0703106 
54 | .0539146| .0569871]| .0597119] .0635038|| .0657955 - 0704295 
55 | .0540089] .0570924|| .0598109] .0636158]|| .0658993] | 0705484 
56 | .0541032) .0571978]| .0599101] .0637280|| .0660032] _0706675 
57 | .0541977) .0573034]| .0600093] .0638403|| .0661072| 0797867 
58 | .0542922| .0574090]| .0601086] .0639527|| .0662112 - 0709060 
59 | .0543868! .0575148]| .0602079| .0640652|| .0663154] _0710254 
60 10054481410 0576207 1'0.060307410.06417781!0.066419610.0711450 
EE EO NY LOTTI OC 


So 


SOMYNSAAwWNYHO | 
one | 




















f 


AND EXTERNAL SECANTS 





21° 
’ 
Ex. sec 

O |0.0664196 |0.0711450 
1 . 0712647 
2 .0713844 
3 .0715043 
4 .0716244 
453 .0717445 
6 .0718647 
7 -0719851 
8 .0721056 
9 .0722262 
10 |0 - 0723469 
11 .0724678 
12 - 0725887 
13 .0727098 
14 . 0728310 
15 . 0729523 
16 .0730737 
a, -0731953 
18 .0733170 
19°] ©. . 0734388 
20 |0. . 0735607 
ees . 0736827 
22 .0738048 
23 .0739271 
24 | - 0740495 
25 .0741720 
26 .0742946 
27 .0744173 
28 . 0745402 
29 .0746631. 
30 |0 .0747862 
31 .0749095 
132 . 0750328 
| 33 -0751562 
. 34 -0752798 
i 35 0754035 
36 0755273 
37 .0756512 
38, -0757753 
| 39 .0758995 
(£0 |0 . 0760237 
| 41 .0761481 
42 . 0762727 
43 . 0763973 
44 0765221 
45 .0766470 
46 .0767720 
AT . 0768971 
48 .0770224 
49 0771477 
50 |0 .0772732 
51 .0773988 
52 .0775246 
53 .0776504 
54 .0777764 
55 .0779025 
56 . 0780287 
57 .0781550 
58 .0782815 
59 . 0784080 

















22° 





0. 





-0786616 
-0787885 
-0789156 
-0790427 
-0791700 
- 0792975 
-0794250 
-0795527 
- 0796805 
-0798084 


-0799364 
-0800646 
- 0801928 
-0803212 
- 0804497 
- 0805784 
- 0807071 
- 0808360 
-0809650 
-0810942 


- 0812234 
-0813528 
- 0814823 
-0816119 
-0817417 
-0818715 
- 0820015 
-0821316 
- 0822618 
- 0823922 


- 0825227 
-0826533 
- 0827840 
- 0829149 
- 0830458 
- 0831769 
- 0833081 
- 0834395 
- 0835709 
- 0837025 


- 0838342 
-0839661 
- 0840980 
- 0842301 
- 0843623 
- 0844947 
- 0846271 
- 0847597 
- 0848924 
- 0850252 


-0851582 
- 0852913 
-0854245 
-0855578 
-0856912 
- 0858248 
- 0859585 
- 0860924 
- 0862263 


60 |0.072816110.0785347 ||0.079495110. 0863604 

























23° 
y 
Vers. Ex. sec. 
0.0794951|0.0863604] 0 
-0796088] .0864946| 1 
.0797226| .0866289| 2 
-0798365| .0867634| 3 
-0799504| .0868979| 4 
.0800644| .0870326| 5 
-0801785| .0871675| 6 
-0802927| .0873024| 7 
-0804069| .0874375| 8 
-0805212| .0875727| 9 
0.0806356 |0.0877080| 10 
-0807501] .0878435] 11 
.0808647} .0879791]| 12 
-0809793] .0881148} 13 
-0810940] .0882506] 14 
-0812088; .0883866] 15 
.0813237 0885226| 16 
-0814386] .0886589] 17 
0815536 0887952] 18 
-0816687) .0889317] 19 
0.0817839|0.0890682| 20 
.0818991 0892050] 21 
0820145 0893418] 22 
-0821299| .0894788]| 23 
. 0822454 0896159] 24 
-0823609| .0897531] 25 
-0824766} .0898604| 26 
0825923 0900279| 27 
.0827081 0901655] 28 
- 0828240] .0903032| 29 
0.0829399|0.0904411| 30 
- 0830560} .0905791} 31 
-0831721| .0907172| 32 
- 0832882] .0908554| 33 
-0834045} .0909938] 34 
-0835209| .0911323] 35 
-0836373] .0912709] 36 
-0837538] .0914097]| 37 
- 0838703] .0915485] 38 
-0839870| .0916876| 39 
0.0841087/0.0918267|] 40 
-0842205| .0919659] 41 
0843374 0921053] 42 
0844544 0922448] 43 
.0845714 0923845] 44 
.0846885 0925243] 45 
. 0848057 0926642] 46 
-0849230] .0928042| 47 
.0850403 0929444] 48 
.0851578] .0930846| 49 
0.0852753]0.0932251| 50 
-0853928] .0933656] 51 
.0855105 0935063] 52 
-0856282| .0936471| 53 
-0857460| .0937880| 54 
-0858639] .0939291] 55 
-0859819] .0940702| 56 
. 0860999} .0942116] 57 
-0862181} .0943530] 58 
-0863363] .0944946] 59 
0.086454510.0946363! 60 


TABLE XXIX.—NATURAL VERSED SINES 


Sy 


CONSUL MHS | 


10 








60. |0.093692210. 1033779 
































24° \ 25° 26° 
Vers Ex. sec Vers. Ex. sec. Vers. Ex. sec. 
-0864545/0 .0946363//0.0936922]0.1033779||0.1012060]0. 1126019 
: ososras .0947781|| .0938152] .1035277|| .1013335] .1127599 
0866913] .0949201]| .0939382| .1036775]| .1014611] .1129179 
0868098} .0950622}| .0940614] .1038275|| .1015888] .1130761 
0869284} .0952044|| .0941846] .1039777]] .1017166] .1132345 
0870471} .0953467]|} .0943078] .1041279]| .1018445| .1133929 
0871658] .0954892]| .0944312] .1042783|| .1019724] .1 135516 
0872846] .0956318]] .0945546] .1044289]] .1021004| . 1137103 
0874035] .0957746|| .0946781] .1045795!! .1022285] .11386992 
0875225) .0959174|| .0948017| .1047303|| .1023567| .1140282 
0.0876416/0.0960604)|0.0949254/0.1048813]|0.1024849|0. 1141874 
0877607} .0962036]} .0950491] .1050324|| .1026132] .1143467 
0878799| .0963468]| .0951729| .1051836|] .1027416| .1 145062 
0879992) .0964902|| .0952968] .1053349/! .1028701| .1 146658 
0881185] .0966337]| .0954208] .1054864]] .1029986 - 1148255 
0882380} .0967774|| .0955449] .1056380|| .1031273] 1149854 
0883575} .0969212/| .0956690] .1057898]| .1032560] .1151454 
0884771] .0970651]} .0957932] .1059417|] .1033847 - 1153056 
0885967] .0972091]| .0959175| .1060937]|] .1035136 - 1154659 
0887165} .0975533}| .0960418] .1062458]| .1036425| .1156263 
0.0888363)0 .0974976}/0 .0961662|0.1063981]10. 1037715|0.1157869 
0889562] .0976420]| .0962907] .1065506|| .1039006] .1159476 
0890762] .0977866]| .0964153] .1067031 - 1040297} .1161084 
0891962} .0979313]} .0965400| .1068558|} .1041589| .1162694 
0893163) .0980761|| .0966647| .1070087|| .1042882 - 1164306 
0894365] .0982211|| .0967895] .1071616]|| . 1044176} .1165919 
0895568} .0983662|| .0969144] .1073147 -1045471] .1167533 
0896772) .0985114|| .0970394} .1074680|| .1046766 - 1169148 
0897976| .0986568|| .0971644] .1076214]|| . 1048062] .1170766 
0899181] .0988023]| .0972895] .1077749 - 1049359] .1172384 
0.0900387|0 .0989479)|0.097414710.1079285]|0. 1050656 0.1174004 
0901594} .0990936]] .0975400] .1080823]| .1051955 -1175625 
0902801] .0992395]) .0976653] .1082363|| . 1053254 - 1177248 
0904010} .0993855]| .0977908] .1083903|] | 1054554 - 1178872 
0905219) .0995317]| .0979162] .1085445|| .1055854 - 1180498 
0906428) .0996779]| .0980418] .1086989|| .1057156 - 1182124 
0907639} .0998243]) .0981675] .1088533|| .1058458 - 1183753 
0908850} .0999709}] .0982932] .1090079|| .1059760 - 1185383 
0910062} .1001175]] .0984190] .1091627|| | 1061064 - 1187014 
0911275] .1002644|| .0985449] .1093176|| . 1062368 - 1188647 
0.0912489/0. 1004113]/0.0986708]0. 1094726 0.1063674/0.1190281 
0913703] .1005584]| .0987969| .1096277|| .1064979 - 1191916 
0914918) .1007056|| .0989230] .1097830 - 1066286] .1193553 
0916134} .1008529]| .0990492} .1099385|| |1067594 - 1195191 
0917351} .1010004|| .0991754] .1100940|| ° 1068902 - 1196831 
0918568} .1011480]] .0993018] .1102498|| |1070211 - 1198472 
0919786) .1012957}| .0994282] .1104056|| _1071520 -1200115 
0921005} .1014436]] .0995547] .1105616 - 1072831} .1201759 
0922225} .1015916|| .0996812] . 1107177 - 1074142] .1203405 
0923446] .1017397|| .0998079] .1108740 - 1075454] .1205051 
0.0924667 0. 1018879 ||0.0999346]0. 1110304 0. 1076766 |0.1206700 
0925889] .1020363]} .1000614] .1111869 - 1078080] .1208350 
0927112) .1021849]} .1001883] .1113436 - 1079394] .1210001 
0928335] .1023335]} .1003152! .1115004 - 1080709} .1211653 
0929560) .1024823]! .1004422] .1116573 - 1082025] .1213308 
0936785] .1026313]| .1005693] .1118144 - 1083341} .1214963 
0932011) .1027803]| .1006965| .1119716 - 1084658} . 1216620 
0933238) .1029295|| .1008237|] .1121290 - 1085976] .1218278 
0934465) .1030789|| .1009511] .1122865 repels Menace 
-0935693] .1032283]| .1010785 24442 088615]. . 1221600 


ap kil 
.1012060!0.11260191/0. 1080935 0. 1223262 


~ 


Btasecodas| 





AND EXTERNAL SECANTS 


27° 
Vers Ex, sec 

0 |0.1089935/0. 1223262 
1 - 1091256] .1224927 
2 {| .1092577| .1226592 
3 | .1093900] .1228259 
4 | .1095223] .1229928 
5 | .1096547}] .1231598 
6 | .1097872| .1233269 
7 | .1099197| .1234942 
8 | .1100524] .1236616 
9 -1101851] .1238292 
10 |0.1103178)|0. 1239969 
11 -1104507] .1241648 
12 | .1105836} .1243328 
13 .1107166] .1245010 
14 | .1108497) .1246693 
15 | .1109829') .1248377 
16 | .1111161} .1250063 
17 | .1112494] .1251750 
18 | .1113828}] .1253439 
19 | .1115162} .1255130 
20 /0.1116497 |0.1256821 
21 .1117834| .1258514 
22 | .1119170} .1260209 
23 | .1120508} .1261905 
24 |} .1121846] .1263603 
25 | .1123185| .1265302 
26 | .1124525}] .1267003 
27 | .1125866| .1268705 
28 | .1127207| .1270408 
29 1128549] .1272113 
30 |0.1129892|0.1273819 
31 | .1131235] .1275527 
32 | .1132580] .1277237 
33 | .1133925| .1278948 
34 | .1135270| .1280660 
35 | .1136617| .1282374 
36 | .1137964] .1284089 
87 | .1139312] .1285806 
88 | .1140661| .1287524 
39 -1142011] .1289244 
40 |0.1143361/0.1290965 
41 . 1144712] .1292687 
42 | .1146064] .1294412 
43 | .1147416] .1296137 
44 | .1148770} .1297864 
45 | .1150124] .1299593 
46 | .1151478] .1301323 
47 | .1152834) .1303055 
48 | .1154190] .1304788 
49 | .1155547| .1306522 
50 |0.1156905/0. 1308258 
51 | .1158264] .1309996 
52 | .1159623] .1311735 
53 | .1160983| .1313475 
54 | .1162344] .1315217 
55 | .1163705| .1316961 
56 | .1165067} .1318706 
57 | .1166431] .1320452 
58 | .1167794| .1322200 
59 | .1169159] .1323950 








28° 
Vers Ex. sec. 
0.1170524/0.1325701 
- 1171890] .1327453 
-1173257] .1329207 
.1174624] .1330962 
. 1175993] .1332719 
-1177362| .1334478 
- 1178731] .1336238 
- 1180102] .1337999 
-1181473] .1339762 
- 1182845] .1341527 
0.1184218]0.1343293 
.1185591] .1345060 
-1186965| .1346829 
. 1188340] .1348600 
-1189716| .1850372 
-1191093} .1352146 
. 1192470} .1353921 
.1193848] .1355697 
-1195226] .1357476 
-1196606] .1359255 
0.1197986]0.1361036 
. 1199367] .1362819 
.1200749| .1364603 
.1202131} .1366389 
.1203514] .1368176 
. 1204898] .1369965 
. 1206283] .1371755 
. 1207668] .1373547 
-1209054] .1375341 
-1210441] .1377135 
0.1211829]0. 1378932 
.1213217] .1380730 
.1214606|] .1382529 
.1215996] .1384330 
. 1217387} .1386133 
-1218778] .1387937 
.1220170] .1389742 
. 1221563] .1391550 
.1222957| .1393358 
.1224351] .1395169 
0.1225746/0.1396980 
. 1227142] .1398794 
. 1228538] .1400608 
. 1229936] .1402425 
. 1231334] .1404243 
. 1232732] .1406062 
. 1234132] .1407883 
. 1235532] .1409706 
- 1236933} .1411530 
. 1238335} .14138356 
0.1239737 |0.1415183 
.1241141] .1417012 
. 1242545] .1418842 
. 1243949} .1420674 
. 1245355} .1422507 
. 1246761] .1424342 
. 1248168] .1426179 
. 1249575] .1428017 
.1250984] .1429857 
. 1252393] .1431698 








29° 
Vers Ex. sec 

0.1253803/0. 1433541 
- 1255214} .1435385 
- 1256625] .1437231 
. 1258037] .1439078 
- 1259450} .1440927 
. 1260863] . 1442778 
- 1262278] .1444630 
- 1263693] .1446484 
- 1265109] .1448339 
. 1266525} .1450196 
0.1267942/0.1452055 
. 1269360] .1453915 
-1270779| .1455776 
-1272199| .1457639 
- 1273619] .1459504 
.1275040] .1461371 
. 1276462] .1463238 
- 1277884] .1465108 
- 1279307} .1466979 
-1280731] .1468852 
0.1282156]0.1470726 
-1283581] .1472602 
- 1285007] .1474479 
- 1286434] .1476358 
- 1287862] .1478239 
- 1289290] .1480121 
- 1290719} .1482005 
1292149] .1483890 
.1293580] .1485777 
-1295011}] .1487665 
0.1296443]0.1489555 
. 1297876} .1491447 
. 1299309] .1493340 
. 1300744} .1495235 
- 1302179} .1497132 
. 1303614} .1499030 
- 1305051] .1500930 
- 1306488} .1502831 
. 1307926] .1504734 
. 1309364] .1506638 
0.1310804/0. 1508544 
- 1312244] .1510452 
. 1313685} .1512361 
-1315126] .1514272 
1316569] .1516185 
- 1318012] .1518099 
.1319456] .1520015 
- 1320900] .1521932 
- 1322345] .1523851 
- 1323791] .1525772 
0.1325238]0.1527694 
- 1326686] .1529618 
. 1328134] .1531543 
. 1329583] .1533470 
. 1331033] .1535399 
. 1332483] .1537329 
. 1333934] .1539261 
.13835386} .1541195 
. 1336839] .1543130 
. 1338292] .1545067 


10 





60 |0.1170524|0. 1325701]/0. 125380310. 143354110. 13397460. 1547005 
NS EO EAE OU 


238 TABLE XXIX.—NATURAL VERSED SINES 





A 30° 
Vers Ex. sec. 
0 |0.1339746]0. 1547005 
1 | .1341201] .1548945 
2 | .1342656] . 1550887 
3 | .1344113} . 1552830 
4] .1345570] .1554775 
5 | .1347027| .1556722 
6 | .1348486] .1558670 
7 | .1349945] .1560620 
8 | .1351405] .1562572 
9 | .1352866] . 1564525 
10 |0.1354327]0. 1566480 
11 | .1355789] .1568436 
12 | .1357252] .1570394 
13 | .1358716] .1572354 
14 | .1360180] .1574315 
15 | .1361645] .1576278 
16 | .1363111] .1578243 
17 | .1364577| .1580209 
18 | .1366044! .1582177 
19 | .1367512] .1584146 
20 |0.1368981]0. 1586118 
21 | .1370451] .1588091 
22 | .1371921| .1590065 
23 | .1373392| .1592041 
24 | .1374863] .1594019 
25 | .1376336] .1595999 
26 | .1377809| .1597980 
27 | .1379283] .1599963 
28 | .1380757| .1601947 
29 | .1382232| . 1603933 
30 |0.1383708|0. 1605921 
81] .1385185] .1607911 
32 | .1386663] . 1609902 
33 | .1388141] .1611894 
34 | .1389620] .1613889 
35 | .1391099| .1615885 
36 | .1392580] . 1617883 
87 | .1394061] .1619882 
38 | .1395543] . 1621883 
39 | .1397025] . 1523886 
40 10.1398509]0. 1625891 
41 | .1399993] .1627897 
42 | .1401477| .1629905 
43 | .1402963] .1631914 
44 | 1404449] .1633925 
45 | 1405936] .1635938 
46 | .1407424] .1637953 
47 | .1408912] .1639969 
48 | .1410401] .1641987 
49 | .1411891] .1644007 
50 10. 141338119. 1646028 
51 | .1414873| .1648051 
52 | .1416365| . 1650076 
53 | .1417857] .1652102 
54 | .1419351] .1654130 
55 | .1420845] .1656160 
56 | .1422340] .1658191 
57 | .1423836] .1660224 
58 | .1425332] . 1662259 


. 1426829 


. 1664296 


59 
60 10. 142832710. 1666334 











\31° 
Vers. Ex. sec. 
0. 1428327 |0.1666334 
. 1429826] .1668374 
. 1431325] .1670416 
. 1432825) .1672459 
. 1434326] .1674504 
.1435827| .1676551 
. 1437329] .1678599 
. 1438832] .1680649 
. 1440336] .1682701 
. 1441840] .1684755 
9.1443345]0. 1686810 
. 1444851] .1688867 
. 1446357] .1690926 
. 1447865} .1692986 
. 1449373] .1695048 
. 1450881] .1697112 
. 1452391] .1699178 
. 1453901] .1701245 
. 1455412] .1703314 
. 1456923] .1705385 
0.1458436|0.1707457 
. 1459949] .1709531 
. 1461462] .1711607 
- 1462977] .1713685 
. 1464492] .1715764 
. 1466008] .1717845 
. 1467525] .1719928 
. 1469042] .1722013 
. 1470560] - . 1724099 
.1472079| .1726187 
0.1473598]0.1728277 
-1475119| .1730368 
. 1476640] .1732462 
. 1478161] .1734557 
. 1479684] .1736653 
. 1481207] .1738752 
- 1482731] .1740852 
. 1484255] .1742954 
. 1485781] .1745058 
. 1487307] .1747163 
0.1488833]0.1749270 
. 1490361] .1751379 
- 1491889] .1753490 
. 1493418] .1755603 
. 1494947] .1757717 
. 1496478] .1759833 
- 1498009} .1761951 
. 1499541] .1764070 
.- 1501073] .1766191 
. 1502606] .1768314 
0.1504140]0.1770439 
.1505675| .1772566 
- 1507210] .1774694 
-1508746| .1776824 
- 1510283] .1778956 
.1511821] .1781089 
. 1513359] .1783225 
. 1514898] .1785362 
- 1516438] .1787501 
.1517978]| .1789642 


0.151951910.1791784 











0. 161329410. 1923633! 


32° 
Vers. Ex. sec. 

0.1519519]0.1791784 
-1521061] .1793928 
. 1522603] .1796074 
. 1524147] .1798222 
- 1525691] .1800372 
.1527235| .1802523 
. 1528781] .1804676 
. 1530327] .1806831 
- 1531874] .1808988 
. 1533421} .1811146 
0.1534970]0.1813307 
- 1536519] .1815469 
. 1538068} .1817633 
. 1539619] .1819798 
.1541170|] .1821966 
. 1542722] .1824135 
. 1544274] .1826306 
. 1545828] .1828479 
.1547382| .1830654 
. 1548936] .1832830 
0.1550492]0. 1835008 
.1552048] .1837188 
. 1553605] .1839370 
. 1555162] .1841554 
. 1556721] .1843739 
. 1558280] .1845927 
.1559839| .1848116 
.1561400] .1850307 
- 1562961] .1852500 
. 1564523] .1854694 
0.1566086]0. 1856890 
. 1567649} .1859089 
. 1569213} .1861289 
- 1570778] .1863490 
. 1572343] .1865694 
- 1573909] .1867900 
- 1575476] .1870107 
.1577044| .1872316 
- 1578612] .1874527 
- 1580181] .1876740 
0.1581751]0. 1878954 
- 1583321] .1881171 
- 1584892] .1883389 
- 1586464} .1885609 
- 1588037] .1887831 
- 1589610] .1890055 
1591184] .1892280 
- 1592759} .1894508 
- 1594334] .1896737 
.1595910] .1898968 
0.1597487]0.1901201 
.1599064| .1903436 
- 1600643] .1905673 
- 1602222) .1907911 
- 1603801] .1910152 
- 1605382] .1912394 
- 1606963] .1914638 
-1608545| .1916884 
-1610127| .1919132 
-1611710| .1921381 


able Ft se, 


10 


AND EXTERNAL SECANTS 
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- 1707998 


19 260 
50 0. 170962410. 3062179 0. 1808480] 0. 2207746110. 190983010. 23606801 6 


33° 
, 
Vers. Ex. sec. 
O 10. 1613294/0. 1923633 
1 | .1614879] .1925886 
2] .1616464} .1928142 
3 | .1618050] .1930399 
4 | .1619637] .1932658 
5 | .1621225|] .1934918 
6 | .1622813}] .1937181 
7 | .1624402} .1939446 
8 | .1625991| .1941712 
9 | .1627582| .1943980 
LO |0.1629173|0.1946251 
'L1 | .1630764] .1948523 
{2 | .1632357} .1950796 
{3 | .1633950} .1953072 
14 ] .1635544] .1955350 
5 | .1637138] .1957629 
{6 | .1638734} .1959911 
\7 | .1640330] .1962194 
\8 . 1641926] .1964479 
(9 | .1643524] .1966767 
20 10. 1645122]0. 1969056 
21 . 1646721] .1971346 
2 . 1648320] .1973639 
u . 1649920] .1975934 
, . 1651521} .1978230 
5 | .1653123} .1980529 
¥ . 1654725] .1982829 
y - 1656328} .1985131 
18 | .1657932| .1987435 
} . 1659537} .1989741 
40 10. 1661142|0.1992049 
41 | .1662748] .1994359 
‘2 | .1664354] .1996671 
33 | .1665962] .1998985 
} . 1667570] .2001300 
45 | .1669178} .2003618 
46 | .1670788] . 2005937 
Hi . 1672398] .2008258 
H . 1674009] .2010582 
\ . 1675620] .2012907 
10 |0.1677232)0. 2015234 
{1 | .1678845] .2017563 
{2 | .1680459} .2019894 
!3 | .1682073] .2022226 
!4 | .1683688] .2024561 
5 | .1685304] .2026898 
16 | .1686920] .2029236 
{7 | .1688537) .2031577 
:8 | .1690155} .2033919 
19 | .1691774] .2036264 
10 10.1693393]0.2038610 
1 |] .1695013] .2040958 
12 | .1696634] .2043308 
3 | .1698255| .2045660 
j4 | .1699877| .2048014 
35 | .1701500} .2050370 
6 | .1703123] .2052728 
97 | .1704748] .2055088 
8 ae ioue Te Dee 


59814 





34° 
Vers. Ex. sec. 
0.1709624]|0.2062179 
.1711251| .2064547 
-1712879} .2066917 
. 1714507] .2069288 
.1716136} .2071662 
1717766] .2074037 
.1719397| .2076415 
.1721028| .2078794 
.1722660| .2081175 
. 1724292] .2083559 
0.1725926] 0. 2085944 
.1727560| .2088331 
. 1729194} .2090720 
.1730830} .2093112 
. 1732466} .2095505 
1734103} .2097900 
. 1735740} .2100297 
. 1737378) .2102696 
1739017} .2105097 
. 1740657] .2107500 
0.1742297 |0.2109905 
. 1743938] .2112312 
.1745580| .2114721 
1747222) .2117132 
. 1748865] .2119545 
. 1750509} .2121960 
1752153] .2124377 
.1753798| .2126795 
.1755444] .2129216 
-1757091} .2131639 
0. 1758738] 0. 2134064 
. 1760386] .2136491 
. 1762035] .2138920 
. 1763684] .2141351 
. 1765334} .2143784 
. 1766985] .2146218 
. 1768636] .2148655 
.1770288| .2151094 
.1771941} .2153535 
.1773595| .2155978 
0.1775249|0.2158423 
. 1776904] .2160870 
.1778560| .2163319 
. 1780216} .2165770 
. 1781873] .2168223 
1783531] .2170678 
. 1785189} .2173135 
. 1786848] .2175594 
. 1788508] .2178055 
.1790168} .2180518 
0.1791830|0.2182983 
1793491} .2185450 
.1795154| .2187919 
. 1796817] .2190390 
.1798481| .2192864 
.1800146| .2195339 
1801811] .2197816 
.1803477| .2200296 
.1805144| .2202777 


- 1806811 


- 2205 


. 1908121 





35° 
Vers. Ex. sec. 
. 180848010. 2207746 
- 1810148] .2210233 
- 1811818] .2212723 
- 1813488} .2215215 
-1815159| .2217708 
.1816831| .2220204 
.1818503| .2222702 
.1820176| .2225202 
. 1821849} .2227703 
.1823524| .2230207 
. 1825199| 0.2232713 
.1826875| .2235222 
.1828551| .2237732 
. 1830228] .2240244 
- 1831906] .2242758 
. 1833584] .2245274 
.1835264| .2247793 
. 1836944] .2250313 
. 1838624] .2252836 
. 1840305] .2255361 
. 1841987 | 0.2257887 
. 1843670] .2260416 
- 1845353] .2262947 
. 1847037] .226548C 
. 1848722] .2268016 
. 1850407] .2270552 
. 1852094] .2273091 
.1858780| .2275633 
. 1855468] .2278176 
.1857156| .2280722 
. 1858845] 0.2283269 
. 1860534] .2285819 
. 1862225] .2288371 
. 1863916] .2290924 
- 1865607] .2293480 
. 1867299] '.2296039 
. 1868992] .2298599 
. 1870686] .23801161 
. 1872380} .2303725 
. 1874075] .2306292 
. 1875771} 0.2308861 
.1877468| .2311432 
. 1879165] .2314004 
. 1880863} .2316579 
. 1882561} .231915€ 
. 1884260} .2321736 
. 1885960] .2324317 
. 1887661] .2326900 
.1889362| .2329486 
.1891064| .2332074 
. 1892766] 0. 2334664 
. 1894470) .2337256 
.1896174| .2339850 
. 1897878] .2342446 
. 1899584] .2345044 
.1901290| .2347645 
. 1902996] .2350248 
.1904704| .2352852 
. 1906412] .2355459 


2358069 


OONOORON HO | 


~ 
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36° ST 38° E 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 

0 |0.1909830]0. 2360680]/0. 2013645) 0. 2521357 ||0.2119892|0.2690182| oO 

1 | .1911540]° .2363293]| .2015396] .2524102]| .2121684| .2693067| 1 
2 | .1913251] .2365909]| .2017147| .2526850!| .2123476] .2695955| 2 
8] .1914963] .2368526]} .2018900] .2529601 - 2125268] .2698845| 3 
4 | .1916675] .2371146]| .2020653] .2532353]| .2127061] .2701737| 4 
5 | .1918388] .2373768]| .2022406| .2535108]| .2128855] .2704632] 5 
6 | .1920101] .2376393]| .2024161] .2537865]|| .2130650] .2707529| 6 
7 | .1921815] .2379019|} .2025916] .2540625]| .2132445| .2710429| 7 
8 | .1923530] .2381647]| .2027671] .2543387)|| .2134241} .2713331] 8 
9 | .1925246] .2384278]| .2029428) .2546151]| .2136037] .2716235] 9 
10 |0.1926962]0.2386911]/0. 2031185] 0.2548917 ||0.2137835]0.2719142}] 10 
11 | .1928679] .2389546]) .2032942] .2551685|| .2139633] .2722052] 11 
12 | .1930397| .2392183]| .2034701) .2554456]) .2141431] .2724963] 12 
13 | .1932115] .2394823]| .2036460] .2557229]| .2143230| .2727877]| 13 
14 | .1933834] .2397464]| .2038220] .2560005|| .2145030| .2730794| 14 
15 | .1935554] .2400108]} .2039980] .2562782]| .2146831] .2733712] 15 
16 | .1937274| .2402754|| .2041741] .2565562|| .2148632] .2736634| 16 
17 | .1938995] .2405402]) .2043503] .2568345]|| .2150434] .2739557| 17 
18 | .1940717| .2408052]| .2045265] .2571129|| .2152236] .2742484] 18 
19 | .1942440| .2410704]) .2047028] .2573916]| .2154039] .2745412] 19 
20 |0.1944163]0.2413359]|0.2048792]0.2576705]|0. 2155843] 0.2748343| 20 
21 | .1945887] .2416016]| .2050556] .2579497|| .2157648] .2751276] 21 
22 | .1947611} .2418675]| .2052322] .2582291 .2159453) .2754212) 22 
23 | .1949336] .2421336]| .2054087] .2585087|| .2161259] .2757151] 23 
24 | .1951062) .2423999]| .2055854] .2587885|| .2163065]| .2760091] 24 
25 | .1952789} .2426665]| .2057621}] .2590686|| .2164873] .2763034] 25 
26 | .1954516] .2429333]| .2059389] .2593489!| .2166680}) .2765980| 24 
27 | .1956244) .2432003]| .2061157| .2596294]| .2168489) .2768928] 27 
28 | .1957972] .2434675]| .2062926| .2599102]| .2170298] .2771878] 28 
29 | .1959701| .2437349]) .2064696] .2601912]| .2172108] .2774831] 29 
30 |0.1961431]0.2440026|/0. 2066467] 0. 2604724!) 0.2173918]0.2777787| 30 
31 | .1963162) .2442704!| .2068238] .2607539|| .2175730| .2780744] 31 
32 | .1964893] .2445385]| .2070010] .2610356]| .2177541| .2783705]| 32 
33 | .1966625] .2448069|| .2071782| .2613175|| .2179354] .2786667]| 33 
34 | .1968358] .2450754/} .2073555] .2615997]| .2181167] .2789632| 34 
35 | .1970091] .2453442]| .2075329) .2618820]| .2182981] .2792600| 35 
86 | .1971825] .2456131]| .2077104| .2621647]| .2184795| .2795570| 36 
37 | .1973560] .2458823]| .2078879| .2624475]| .2186610] .2798543] 37 
38 | .1975295| .2461518]| .2080655] .2627306]| .2188426] .2801518] 38 
39 | .1977031] .2464214]| .2082431] .2630140]| .2190243] .2804495] 39 
40 |0.1978768)0.2466913)|/0.2084208]0.2632975||0.2192060]0.2807475| 40 
41 | .1980505] .2469614]| .2085986} .2635813]| .2193877} .2810457] 41 
42 | .1982244| .2472317]| .2087765| .2638653]] .2195696| .2813442 42 
43 | .1983982| .2475022)| .2089544} .2641496]| .2197515] .2816430| 43 
44 | .1985722) .2477730]|| .2091324] .2644341]| .2199335] .2819419| 44 
45 | .1987462] .2480440]| .2093104] .2647188]| .2201155] .2822412] 45 
46 | .1989203] .2483152)}| .2094885] .2650038]} .2202976] .2825407| 46 
47 | .1990944] .2485866]| .2096667| .2652890]| .2204798] .2828404| 47 
48 | .1992686] .2488583)| .2098450] .2655745]| .2206620] .2831404| 48 
49 | .1994429| .2491302)| .2100233] ,2658601]| .2208443] .2834406| 49 
50 |0.1996173)]0.2494023)/0. 2102017] 0.2661460]|0.2210267]0. 2837411] 50 
51 | .1997917| .2496746]| .2103802] .2664322]) .2212091] .2840418] 51 
52.| .1999662} .2499471]| .2105587| .2667186]| .2213916] .2843428] 52 
53 | .2001407} .2502199]| .2107373] .2670052|| .2215742] .2846440| 53 
54 | .2003153) .2504929)/ .2109159| .2672921]| .2217569] .2849445| 54 
55 | .2004900] .2507661}} .2110946|] .2675792]| .2219396] .23852472 55 
56 | .2006648} .2510396]| .2112734] .2678665]| .2221223] .2855499 56 
57.| .2008396] .2513133]] .2114523] .2681541]| .2223051| .2858514 57 
58. }'..2010145] .2515872]) .2116312 a - 2224880] .2861539] 58 


. 2011895) .2518613 


59 
60 |0.201364510. 2521357 1/0. 21198921 0. 2690182 0. 222854010. 2867596 
ee Ee co fos 00 


. 2118102 


2687299 


- 2226710 


- 2864566 





AND EXTERNAL SECANTS 

















| 39° 40° 

Vers. Ex. sec. Vers. Ex. sec 
0 |0.2228540]0 . 2867596 |/0. 2339556 |0.3054073 
1 | .2230371] .2870628]| .2341426] .3057261 
2 | .2232203) .2873663]| .23843296] .3060451 
3 | .2234035] .2876700]| .2345168] .3063644 
4 | .2235868] .2879740]| .2347040} .3066839 
§ | .2237702| .2882782]| .2348913| .3070038 
6 | .2239536] .2885827|| .2350786| .3073239 
7 | .2241371| .2888875]| .2352660} .3076442 
8 | .2243206] .2891925|| .2354585}| .3079649 
9 | .2245043| .2894977]| .2356410| .3082858 
10 |0.2246879)|0.2898032]|0. 2358286 |0.3086069 
11 | .2248717| .2901090]] .2860162| .3089284 
12 | .2250555| .2904150]} .2362040}] .3092501 
13 | .2252394] .2907213]] .2363918| .3095720 
14 | .2254233|) .2910278]| .2365796] .3098943 
15 | .2256074| .2913346]| .2367675| .3102168 
16 | .2257914] .2916416]] .2369555]}, .3105396 
17 | .2259756] .2919489]| .2371436] .3108626 
18 | .2261598| .2922564]| .2373317| .3111860 
19 . 2263441] .2925642|| .2375198| .3115095 
20 |0.2265284]0. 2928723 ||0. 2377081 | 0.3118334 
21 | .2267128] .2931806]| .2378964}] .3121575 
22 | .2268973| .2934892|| .2380848; .3124820 
23 | .2270818| .2937980]| .2382732| .3128066 
-24 | .2272664] .2941071]|| .2384617} .3131316 
§25 | .2274511] .2944164]||] .2386503] .3134568 
26 | .2276358] .2947260|| .2388389}| .3137823 
27 | .2278206] .2950359]| .2390276| .3141081 
28 | .2280055| .2953460]|| .2392163) .3144341 
29 2281904) .2956564]| .2394051| .3147604 
30 |0.2283754|0.2959670]/0 . 2395940] 0.3150870 
31 | .2285605] .2962779]| .2897830] .3154139 
32 | .2287456] .2965890]| .2399720| .3157410 
33 | .2289308} .2969004]| .2401611}] .3160684 
34 | .2291160| .2972121]| .2403502] .3163961 
35 | .2293014] .2975240]| .2405394] .3167240 
36 | .2294868] .2978362]| .2407287| .3170523 
37 | .2296722] .2981487]| .2409180] .3173808 
38 | .2298577| .2984614]| .2411074] .3177096 
39 | .2300433] .2987743]| .2412969] .3180386 
40 |0.2302290]0.2990876]|0.2414864|0.3183680 
41 | .2304147] .2994011]| .2416760] .3186976 
42 | .2306004] .2997148]| .2418657] .3190274 
43 | .2307863] .3000288]| .2420554] .3193576 
44 . 2309722] .3003431]| .2422452! .3196881 
45 | .2311582] .3006576|| .2424350| .3200188 
46 .2313442| .3009724]| .2426249] .3203498 
47 | .2315303] .3012875|| .2428149] .3206810 
48 | .2317165} .3016028]| .2430049] .3210126 
49 | .2319027] .3019184]| .24381950} .3213444 
50 |0.2320890/0.3022343]|/0.243385210.3216765 
51 | .2322754] .3025504]| .2485754] .3220089 
52 | .2324618] .3028667]| .2437657| .3223416 
53 | .2326483] .3031834]| .2439561] .3226745 
‘64 | .2328348] .3035003]| .2441465| .3230078 
55 | .2330215| .3038175]| .2443370| .3233413 
56 | .2332082] .3041349]| .2445276| .3236750 
57 | .2333949] .3044526]) .2447182] .3240091 
58 | .2335817] .3047706}| .2449089|] .3243435 
. 2337686| .3050888)| .2450996| .3246781 


59 
§0 10.2339556 0. 3054073110. 2452904]0.3250130 








Vers Ex. sec 

0 .2452904|0. 3250130 
2454813| .3253482 
2456722) .3256837 
2458632| .3260194 
2460543] .3263554 
2462454] .3266918 
.2464366| .3270284 
-2466279| .3273653 
2468192) .3277024 
.2470106| .3280399 
0.2472020| 0.3283776 
- 2473935] .3287156 
- 2475851] .3290539 
.2477767| .3293925 
.2479684| .3297314 
. 2481602} .3300706 
. 2483520] .3304100 
- 2485439] .3307497 
.2487359| .3310897 
. 2489279! .3314301 
0. 2491200] 0.3317707 
. 2493121} .3321115 
.2495043| .33824527 
.2496966| .3327942 
. 2498889] .3331359 
.2500813] .3334779 
- 2502738] .3338203 
. 2504663] .3341629 
. 2506589} .3345058 
. 2508516] .3348489 
0.2510443] 0.3351924 
2512371} .3355362 
. 2514299] .3358802 
. 2516228] .3362246 
.2518158] .3365692 
.2520088| .3369141 
2522019] .3372594 
.2523951] .3376049 
. 2525883] .3379507 
. 2527816] .3382968 
0.2529749| 0.3386432 
-2531683| .3389898 
. 2533618] .3393368 
2535554] .3396841 
1253 . 3400316 
.2539426| .3403795 
. 254 . 8407276 
. 2543301] .3410761 
2545240} .3414248 
.2547179| .3417738 
0. 2549119] 0.3421232 
2551059} .3424728 
2553001] .3428227 
2554942] .3431729 
2556885] .3435234 
2558827| .3438742 
2560771] .3442253 
.2562715| .3445767 
2564660] .3449284 
.2566606| .3452804 


0. 2568552 | 0.3456327 
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42° 
Vers. Ex. sec. 

0 |0.2568552|0.3456327 
af . 2570498] .3459853 
2) .2572446| .3463382 
3 .2574394| .3466914 
4 . 2576342] .3470449 
5 | .2578292| .3473987 
6 .2580242| .3477528 
7 . 2582192} .3481072 
8 | .2584143] .3484619 
9 . 2586095] .3488168 
10 |0.2588047 |0.3491721 
11 | .2590090] .3495277 
12 | .2591954] .3498836 
13 | .2593908] .3502398 
14 | .2595863] .3505963 
15 | .2597819] .3509531 
16 .2599775| .3513102 
17 . 2601732] .3516677 
18 | .2603689| .3520254 
19 . 2605647} .3523834 
20 |0.2607606 |9.3527417 
21 | .2609565| .3531003 
22 .2611525] .3534593 
23 | .2613485] .3538185 
24 .2615447| .3541789 
25 .2617408| .3545379 
26 . 2619371] .3548980 
27 . 2621334] .3552585 
28 | .2623297| .3556193 
29 . 2625262] .3559803 
30 |0.2627227|9.3563417 
31 . 2629192) .3567034 
32 .2631158] .3570654 
33 | .2633125| .3574277 
34 . 2635092) .3577903 
35 | .2637060| .3581532 
36 - 2639029] .3585164 
37 . 2640998] .3588800 
38 | .2642968] .3592438 
39 | .2644939| .3596080 
40 |0.2646910/0.3599725 
41 | .2648882| .3603372 
42 . 2650854] .3607023 
43 .2652827| .3610677 
44 .2654801] .3614334 
45 2656775) .3617995 
46 .2658750| .3621658 
47 | .2660725] .3625324 
48 2662701] .3628994 
49 2664678] .3632667 
50 10.2666655]9. 3536343 
51 . 2668633] .3640022 
52 | .2670612| .3543704 
53 | .2672591] .3647389 
54 | .2674571] .3651078 
55 | .2676551] .3654770 
56 . 2678533] .3658464 
57 .2680514| .3662162 
58 | .2682497| .3665863 


. 2684479 


59 
60 |0.268646310. 3673275110. 280660210.39016361|0.292893210.4142136 
—— EE rere eel 


- 3669567 

















\as° 


Vers. 


. 2686463 
- 2688447 
- 2690432 
. 2692417 
- 2694403 
- 2696390 
. 2698377 
- 2700365 
- 2702354 
- 2704343 
- 2706332 


- 2708323 
. 2710314 
- 2712305 
- 2714297 
- 2716290 
- 2718284 
- 2720278 
. 2722272 
- 2724268 
- 2726264 


- 2728260 
- 2730257 
- 2732255 
- 2734253 
- 2736252 
- 2738252 
- 2740252 
«2742253 
- 2744254 
. 2746256 


- 2748259 
- 2750262 
- 2752266 
- 2754271 
- 2756276 
- 2758281 
- 2760288 
. 2762295 
- 2764302 
.2766310)0. 


- 2768319 
- 2770329 
. 2772339 
. 2774349 
- 2776360 
- 2778372 
- 2780385 
- 2782398 
. 2784411 
. 2786426 


. 2788441 
- 2790456 
. 2792472 
. 2794489 
- 2796506 
- 2798524 
- 2800543 
- 2802562 


. 2804582 


Ex. sec. 


3673275 


0. 


0. 


0. 


0. 


- 3676985 
. 8680699 
- 3684416 
- 36881356 
- 3691859 
- 3695586 
. 3699315 
. 3703048 
. 3706784 
3710523 


. 3714266 
- 3718011 
. 3721760 
.38725512 
- 3729268 
- 38733026 
. 3736788 
. 3740553 
- 3744321 
. 38748092 


- 3751867 
- 3755645 
- 38759426 
- 3763210 
. 3766998 
. 3770789 
. 3774583 
. 3778380 
- 3782181 
3785985 


. 3789792 
- 3793602 
. 3797416 
- 3801233 
- 3805053 
. 3808877 
- 3812704 
- 3816534 
- 3820367 
3824204 


. 3828044 
- 3831887 
- 3835734 
- 3839584 
- 3843437 
- 3847294 
- 3851153 
. 3855017 
- 3858883 
3862753 


. 3866626 
. 3870503 
- 3874383 
- 3878266 
- 3882153 
- 3886043 
- 3889936 
- 3893832 

- 3897733 








- 2926876 


44° 

Vers. Ex. sec. 

. 2806602/0.3901636 
. 2808623] .3905543 
. 2810645] .3909453 
.2812667| .3913366 
. 2814690} .3917283 
. 2816713] .3921203 
- 2818737] .3925127 
- 2820762) .3929054 
- 2822787] .3932985 
. 2824813] .3936918 
. 2826839|0.3940856 
- 2828866] .3944796 
- 2830894] .3948740 
- 2832922] .3952688 
. 2834951] .3956639 
- 2836981] .3960593 
-2839011] .3964551 
- 2841041] .3968512 
- 2843073] .3972477 
- 2845105] .3976445 
.2847137|0.3980416 
. 2849170] .3984391 
- 2851204] .3988369 
- 2853238] .3992351 
- 2855273] .3996336 
- 2857309] .4000325 
- 2859345] .4004317 
- 2861382] .4008313 
- 2863419} .4012312 
- 2865457] .4016315 
. 2867496] 0.4020321 
. 2869535] .4024330 
. 2871574] .4028343 
. 2873615] .4032360 
. 2875656} .4036380 
- 2877697] .4040403 
. 2879740] .4044430 
- 2881782] .4048461 
- 2883826] .4052494 
- 2885870] .4056532 
.2887914]0.4060573 
. 2889959} .4064617 
. 2892005] .4068665 
.2894052| .4072717 
.2896099| .4076772 
. 2898146] .4080831 
-2900194] .4084893 
. 2902243] .4088958 
- 2904293] .4093028 
- 2906343] .4097100 
- 2908393]0.4101177 
- 2910444) .4105257 
.2912496| .4109340 
-2914549| .4113427 
-2916602| .4117517 
-2918655| .4121612 
- 2920709] .4125709 
.2922764| .4129810 
- 2924820] .4133915 


- 4138024 


~ 


— 
COONOARWNrO | 


SOwrsamwwre | 


50 
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45° 
Vers. Ex. sec. 
0. 2928932 /0.4142136 
. 2930989} .4146251 
. 2933047] .4150370 
. 2935106] .4154493 
.2937165] .4158619 
. 2939224] .4162749 
. 2941284} .4166883 
. 2943345] .4171020 
.2945406| .4175161 
.2947468| .4179306 
0.2949531|0.4183454 
.2951594] .4187605 
. 2953658] .4191761 
. 2955722) .4195920 
.2957787| .4200082 
. 2959853] .4204248 
.2961919] .4208418 
. 2963986] .4212592 
. 2966053] .4216769 
. 2968121} .4220950 
0.2970189|0.4225134 
2972259] .4229323 
. 2974328] .4233514 
. 2976399] .4237710 
. 2978469} .4241909 
-2980541] .4246112 
2982613] .4250319 
. 2984686] .4254529 
- 2986759] .4258743 
. 2988833] .4262961 
0 .2990907 |0. 4267182 
.2992982] .4271407 
.2995058|] .4275636 
.2997134| .4279868 
. 2999211} .4284105 
.38001289] .4288345 
. 38003367] .4292588 
.38005445| .4296836 
.3007524] .4301087 
. 3009604! .4305342 
0.3011685]0. 4309600 
.3013766| .4313863 
.38015847| .4318129 
.3017929|] .4322399 
.38020012| .4326672 
.3022095| .4330950 
.38024179| .4335231 
. 3026264] .4339516 
.3028349| .4343805 
.3030435| .4348097 
0.3032521|0.4352393 
.3034608| .4356693 
.3036695| .4360997 
. 3038783] .4365305 
.3040872| .4369616 
.3042961| .4373932 
.3045051|] .43878251 
8047142) .4382574 
. 38049233] .4386900 
. 38051324] .4391231 





46° 
Vers. Ex. sec. 
0.3053416]0.4395565 
-3055509| .4399904 
.3057602| .4404246 
.3059696| .4408592 
38061791} .4412941 
.3063886| .4417295 
- 3065982] .4421652 
- 3068078] .4426013 
-3070175| .4430379 
. 3072272) .4434748 
0.3074370|0.4439120 
. 3076469] .4443497 
.3078568| .4447878 
.3080668| .4452262 
.3082768| .4456651 
3084869] .4461043 
-3086971] .4465439 
- 3089073] .4469839 
.38091176| .4474243 
.3093279| .4478651 
0.3095383|0.4483063 
.3097488] .4487478 
.38099593] .4491898 
.3101698] .4496322 
-3103805] .4500749 
-38105911] .4505181 
-3108019] .4509616 
.38110127] .4514055 
.38112235] .4518498 
.38114345] .4522946 
0.3116454|0.4527397 
.38118565] .4531852 
.3120675] .4536311 
.3122787| .4540774 
3124899] .4545241 
.3127012| .4549712 
.3129125| .4554187 
.3131239| .4558666 
.3133353} .4563149 
. 3135468] .4567636 
0.3137584]0.4572127 
.38139700] .4576621 
.3141816] .4581120 
.38143934| .4585623 
-38146052]| .4590130 
.3148170| .4594641 
.8150289| .4599156 
.3152409| .4603675 
.3154529| .4608198 
.38156650} .4612726 
0.3158771|0.4617257 
.3160893| .4621792 
3163016} .4626331 
-38165139| .4630875 
-3167262| .4635422 
. 3169387] .4639973 
.38171511| .4644529 
. 3173637] .4649089 
.3175763| .4653652 
.38177889| .4658220 


0. 


o 
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47° 

Vers. Ex. sec. 

3180016|0. 4662792 
-3182144| .4667368 
.3184272| .4671948 
-3186401| .4676532 
- 3188531] .4681120 
-3190661| .4685713 
.38192791] .4690309 
3194922] .4694910 
.8197054} .4699514 
.38199187| .4704123 
.8201319|0.4708736 
.3203453| .4713354 
.38205587| .4717975 
.8207722| .4722600 
.8209857| .4727230 
38211993} .4731864 
.38214129] .4736502 
.38216266| .4741144 
.38218403] .4745790 
.3220541| .4750440 
. 3222680] 0.4755095 
.3224819] .4759754 
.38226959| .4764417 
.3229099} .4769084 
.38231240| .4773755 
.3233382| .4778431 
.38235524| .4783111 
.3237667| .4787795 
.3239810] .4792483 
-38241954] .4797176 
. 3244098] 0.4801872 
. 3246243] .4806573 
. 3248388] .4811278 
. 3250534] .4815988 
- 3252681] .4820702 
3254828] .4825420 
.3256976]| .4830142 
.3259124| .4834868 
-3261273| .4839599 
.3263423] .4844334 
- 3265573] 0 .4849073 
.3267724| .4853817 
.3269875| .4858565 
.38272027| .4863317 
.38274179| .4868073 
.3276332| .4872834 
.3278485| .4877599 
.3280639| .4882369 
.38282794| .4887142 
.3284949| .4891920 
. 3287105] 0. 4896703 
.3289261} .4901489 
.3291418] .4906280 
.3293576| .4911076 
-3295734| .4915876 
.38297892| .4920680 
-3300052| .4925488 
- 3302211] .4930301 
.3304372| .4935118 
.3306532| .4939940 


0.3053416!0. 4395565110. 318001610. 4662792110.330869410.4944745 
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244 TABLE XXIX.—NATURAL VERSED SINES 
SS ee or eee 
48° 49° 50° 

, 

Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 
0 10.3308694]0.4944765]|0. 3439410|0.5242531 .8572124/0.5557238 
1 .3310856| .4949596]| .3441605| .5247634 .8574353]| .5562634 
2 | 13313019] .4954431|| .3443802| .5252741|| .3576582| .5568035 
3 | 13315182] .4959270|| .3445998| .5257854|| .3578811] .5573441 
4 .8317345| .4964113]| .3448196| .5262971 .3581042| .5578852 
5 .3319510| .4968961|| .3450393] .5268093 .3583272| .5584268 
6 .8321674| .4973813]| .3452592| .5273219 .3585504] .5589689 
7 | .3323840| .4978670|| .3454791| .5278351|| .3587736| .5595115 
8 | .3326006| .4983531|| .3456990] .5283487|| .3589968] .5600546 
9 | .3328172| .4988397|| .3459190] .5288627|| .3592201| .5605982 
10 |0.3330339|0 4993267 ||0.346139110.5293773||0.3594434/0.5611424 
11 | .3332507] .4998141|] .3463592] .5298923|| .3596668] .5616871 
12 .3334675| .5003020]| .3465794| .5304078 +3598903| .5622322 
13 | .3336844| .5007903|| .3467996| .5309238|| .3601138] .5627779 
14 | .3339013] .5012791|| .3470199| .5314403|| .3603374] .5633241]: 
15 .3341183] .5017683|| .3472402| .5319572 .3605610| .5638708 
16 3343354] .5022580|| .3474606| .5324746 .3607847| .5644181 
17 .3345525| .5027481 .38476811] .5329925 .3610084} .5649658 
18 .3347696| .5032387 .8479016| .5335109 .3612322| .5655141 
19 .3349869| .5037297 .3481222| .5340297 .3614560| .5660628 
20 |0.3352041|0.5042211|/0. 3483428] 0.5345491|/0.3616799|0. 5666121 
21 | .3354215| .5047131]| .3485634| .5350689|| .3619039] .5671619 
22 | 3356388] .5052054|| 13487842] .5355892|| .3621279| .5677123 
23 | 13358563] .5056982|| .3490049| .5361100|| .3623519| .5682631 
24 | _3360738| .5061915|| .3492258| .5366313]| .3625760| .5688145 
25 | 3362913] .5066852|| .3494467] .5371530|| .3628002] .5693664 
26 | _3365090| .5071793|| .3496676| .5376752|| .3630244| .5699188 
27 | |3367266| .5076739|| .3498886] .5381980|| .3632487| .5704717 
28 | 3369443] .5081690|| .3501097| .5387212|| .3634730| .5710252 
29 | _3371621| .5086645|| .3503308| .5392449|| .3636974| .5715792 
30 |0.3373800/0. 5091605 ||0. 3505520 |0.5397690]| 0. 3639218] 0,5721337 
31 | .3375978| .5096569|| .3507732] .5402937|| .3641463| .5726887 
32 | _3378158] .5101538]| .3509944] .5408189]| .3643708| .5732443 
33 | |3380338] .5106511|| .3512158] .5413445]| .3645954| .5738004 
34 | |3382518] _5111489|| .3514372| .5418706|| .3648200| .5743570 
35 | _3384700] |5116472|| .3516586| .5423973]| .3650447| .5749141 
36 | .3386881] .5121459|| .3518801| .5429244|| .3652695| 5754718 
37 | _3389064] |5126450|| .3521016| .5434520|| .3654943] .5760300 
38 | |3391246| .5131446|| .3523233| .5439801|| .3657192| .5765887 
39 | 3393430] 15136447 || .3525449| .5445087|| .3659441| .5771479 
40 10.3395614|0. 5141452 ||0. 3527666 |0. 5450378||0.3661690|0..5777077 
41 | .3397798| .5146462|| .3529884] .5455673|| .3663941| .5782680 
42 | |3399983| .5151477|| .3532102| .5460974|| .3666191| .5788289 
43 | 13402169| .5156496]| .3534321| .5466280|| .3668443] .5793902 
44 | /3404355| .5161520|| .3536540| .5471590|| .3670694| .5799521 
45 | |3406542| .5166548|| .3538760| .5476906|| .3672947] .5805146 
46 | 3408729] .5171581|| .3540981] .5482226|| .3675200| .5810776 
47 | .3410917| .5176619|| .3543202|] .5487552|| .3677453| .5816411 
48 | .3413105| .5181661|| .3545423| .5492882|| .3679707| .5822051 
49 | 13415294] .5186708|| .3547645| .5498218|| .3681961| .5827697 
50 |0.3417484/0.5191759 ||0. 3549868 | 0. 5503558||0.3684216|0. 5833348 
51 | .3419674] .5196815]| .3552091] .5508904|| .3686472| .5839005 
52 | .3421865| .5201876|| .3554315| .5514254|| .3688728| .5844667 
53 | .3424056| .5206942|| .3556539| .5519610|| .3690985| .5850334 
54 | .3426248| .5212012|| .3558764| .5524970|| .3693242] .5856007 
55 | .3428440] .5217087|| .3560989| .5530335|| .3695500| .5861685 
56 | .3430633| .5222166|| .3563215|] .5535706|| .3697758| .5867369 
57 | .3432826] .5227250|| .3565441| .5541081|| .3700017| .5873058 
58 | .3435020| .5232339|| .3567668| .5546462|| .3702276| .5878752 

(3437215| .5237433|| .3569896| .5551848 536] 5884452 


59 - 3704 
60 10343941010. 5242531110. 357212410 .5557238110.370679610. 5890157 
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61° 
! 
Vers. || Ex. sec. 
0 |0.3706796 |0. 5890157 
1 | .3709057} .5895868 
2 | .3711318] .5901584 
3 | .3713580] .5907306 
4 | .3715843] .5913033 
5 | .3718106| .5918766 
6 | .3720369|] .5924504 
7 | .3722634| .5930247 
8 | .3724898] .5935996 
9 | .3727163| .5941751 
10 |0.3729429 |0.5947511 
11 | .3731695|] .5953276 
12 | .3733962] .5959048 
13 | .3736229| .5964824 
14 | .3738497| .5970606 
15 | .3740765| .5976394 
16 | .3743034| .5982187 
17 | .3745304| .5987986 
18 | .3747573] .5993790 
19 | .3749844] .5999600 
20 |0.3752115|0.6005416 
21 | .3754386| .6011237 
22 | .3756658} .6017064 
23 | .3758931] .6022896 
24 | .3761204| .6028734 
25 | .3763478] .6034577 
26 | .3765752| .6040426 
27 | .3768026| .6046281 
28 | .3770302| .6052142 
29 | .3772577| .6058008 
30 |0.3774854|0.6063879 
31 | .3777130] .6069757 
82 | .3779408] .6075640 
33 | .3781686| .6081528 
34 | .3783964| .6087423 
35 | .3786243] .6093323 
36 | .3788522| .6099228 
37 | .3790802| .6105140 
38 | .3793083} .6111057 
39 | .3795364| .6116980 
40 |0.3797645/0.6122908 
41 | .3799927| .6128843 
42 | .3802210] .6134783 
43 | .3804493| .6140728 
44 | .3806776| .6146680 
45 | .3809061) .6152637 
46 | .3811345] .6158600 
47 | .3813630| .6164569 
48 | .3815916| .6170544 
49 | .3818202| .6176524 
50 |0.3820489 |0.6182510 
51 | .3822776| .6188502 
52 | .3825064| .6194500 
53 | .3827352| .6200504 
54 | .3829641|] .6206513 
55 | .3831931| .6212528 
56 | .3834220] .6218549 
57 | .3836511| .6224576 
58 saaeungs - 6230609 
59 | .384109 














979527 


52° 
Vers. Ex. sec. 
0.3843385/0.6242692 
. 3845678] .6248743 
. 3847971] .6254799 
- 3850264! .6260861 
- 3852558] .6266929 
- 3854853] .6273003 
. 3857148] .6279083 
- 3859444] .6285169 
.3861740| .6291261 
. 3864036] .6297359 
0. 3866334] 0.6303462 
. 3868631] .6309572 
. 3870929] .6315688 
. 3873228] .6321809 
-3875527| .6327937 
.3877827| .6334070 
. 3880127] .6340210 
. 3882428] .6346355 
- 3884730] .6352507 
. 3887031] .6358664 
0.3889334]0.6364828 
. 3891637} .6370997 
. 3893940] .6377173 
. 3896244] .6383355 
. 3898548] .6389542 
. 3900853] .6395736 
.3903159| .6401936 
-3905465| .6408142 
.3907771] .6414354 
.3910078;} .6420572 
0.3912386|0.6426796 
.38914694] .6433027 
.3917002| .6439263 
.3919311| .6445506 
38921621] .6451754 
. 3923931} .6458009 
. 3926242! .6464270 
. 3928553] .6470537 
. 3930864] .6476811 
. 3933176] .6483090 
0. 3935489 | 0.6489376 
. 3937802] .6495668 
-3940116] .6501966 
. 3942430] .6508270 
.38944745| .6514581 
. 8947060] .6520898 
.38949376| .6527221 
.8951692] .6533550 
.3954009| .6539885 
.38956326| .6546227 
0.3958644| 0.6552575 
- 3960962] .6558929 
. 3963281] .6565290 
-3965600| .6571657 
.3967920| .6578030 
. 3970240] .6584409 
.3972561| .6590795 
. 8974883] .6597187 
eeeneee . 6603586 


- 6609990 











- 6622819 
- 6629243 
- 6635673 
- 6642110 
- 6648553 
- 6655002 
- 6661458 
- 6667920 
- 6674389 
- 6680864 


. 6687345 
- 6693833 
-6700328 
-6706828 
-6713336 
-6719850 
- 6726370 
-6732897 
- 6739430 
.6745970 


-6752517 
-6759070 
- 6765629 
.6772195 
. 6778768 
. 6785347 
-6791933 
-6798525 
- 6805124 
- 6811730 


- 6818342 
- 6824961 
- 6831586 
-6838219 
- 6844857 
- 6851503 
-6858155 
- 6864814 
- 6871479 
-6878151 


- 6884830 
-6891516 
- 6898208 
- 6904907 
-6911613 
- 6918326 
- 6925045 
-6931771 
- 6938504 
-6945244 


- .6951990 
6958744 
6965504 
| 16972271 
-6979044 
6985825 
6992612 
.6999407 
-7006208 


-6236648 
60 10. 3843385 0.6242692110. 3081850 0.6616401110.4122147|0.7013016 
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54° 55° 56° 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 


-4122147]0.7013016]|0.4264236|0.7434468]|0.4408071/0.7882916 
.4124501] .7019831]| .4266619| .7441715)| .4410483| .7890633 
-4126855] .7026653]|] .4269002] .7448969|| .4412895) .7898357 
-4129210| .7033482|| .4271386| .7456230}| .4415308} .7906090 
-4131565| .7040318]| .4273771] .7463499|| .4417721] .7913831 
-4133920| .7047160}| .4276156| .7470776|| .4420135| .7921580 
. 4136276] .7054010}| .4278541] .7478060]| .4422549) .7929337 
- 4138633] .7060867]] .4280927] .7485352}| .4424964| .7937102 
-4140990] .7067730|| .4283314] .7492651]|| .4427379] .7944876 
-4143348] .7074601||] .4285701} .7499958|| .4429794| .7952658 
0.4145706|0.7081478]|0. 4288088] 0.7507273/|0.4432210/0.7960449)} 10 


11 | .4148064] .7088362|| .4290476| .7514595|| .4434627] .7968247] 11 
12 | .4150423] .7095254]| .4292864} .7521924|| .4437044] .7976054| 12 
13 | .4152783] .7102152]| .4295253] .7529262|| .4439461] .7983869| 13 
14 | .4155143} .7109058]| .4297643] .7536607|| .4441879| .7991693| 14 
15 | .4157503} .7115970}| .4300032} .7543959]) .4444298] .7999524| 15 
16 | .4159864) .7122890]|| .4302423] .7551320]| .4446717| .8007365| 16 
17 | .4162226] .7129817|| .4304813] .7558687]| .4449136] .8015213] 17 
18 | .4164588] .7136750]| .4307205| .7566063]| .4451556] .8023070| 18 
19 | .4166950| .7143691)|| .4309597] .7573446]| .4453976] .8030935] 19 
20 |0.4169313/0.7150639 ||0.4311989]0.7580837 ||0.4456397|0.8038809| 20 


21 | .4171677) .7157594|| .4314381] .7588236||} .4458818] .8046691| 21 
22 | .4174041} .7164556]) .4316775] .7595642|| .4461240] .8054582) 22 
23 | .4176405} .7171525]| .4319168] .7603057]| .4463662} .8062481] 23 
24 | .4178770) .7178501}| .4321563] .7610478]|| .4466085] .8070388] 24 
25 | .4181136] .7185484}| .4323957] .7617908]| .4468508] .8078304] 25 
26 | .4183502| .7192475]| .4326352] .7625345|| .4470931| .8086228) 26 
27 | .4185868] .7199472|| .4328748] .7632791|| .4473355| .8094161] 27 
28 | .4188235| .7206477]|| .4331144] .7640244|| .4475780] .8102102| 28 
29 | .4190603] .7213489|| .4333541] .7647704]| .4478205| .8110052| 29 
30 |0.4192970/0.7220508]|0.4335938]0.7655173/|0.4480630]0.8118010| 30 


B31 | .4195339] .7227534|| .4338335| .7662649]| .4483056] .8125977| 31 
32 | .4197708] .7234568]| .4340733] .7670133]| .4485482] .8133953] 32 
33 | .4200077] .7241609]| .4343132| .7677625|| .4487909} .8141937] 33 
34 | .4202447| .7248657|| .4345531] .7685125|| .4490337| .8149929| 34 
85 | .4204817) .7255712|| .4347930] .7692633]| .4492764| .8157930| 35 | 
36 | .4207188] .7262774]| .4350330} .7700149}| .4495193] .8165940] 36 | 
387 | .4209560] .7269844|| .4352730| .7707672|| .4497621] .8173958] 37 | 
38 | .4211931| .7276921}| .4855131] .7715204|| .4500050| .8181985] 38 | 
39 | .4214304) .7284005]| .4357533] .7722743]| .4502480| .8190021) 39 | 
40 |0.4216677|0.7291096||0.4359934|0.7730290)|0.4504910/0.8198065| 40 


41 | .4219050] .7298195]| .4362337| .7737845]|| .4507341] .8206118] 41 | 
42 | .4221424| .7305301|| .4864740| .7745409|| .4509772| .8214179| 42 

43 | .4223798| .7312414|| .43867143] .7752980]|| .4512203| .8222249] 43 | 
44 | .4226173) .7319535]|, .4869547| .7760559|| .4514635| .8230328| 44 
45 | .4228548] .7326663]|| .4371951| .7768146|| .4517068] .8238416] 45 
46 | .4230924| .7333798]| .4374355| .7775741]| .4519501|] .8246512| 46 
A7 | .4233300] .7340941]| .4376761| .7783344]| .4521934| .8254617)| 47 
48 | .4235677| .7348091]| .4379166] .7790955|| .4524368] .8262731] 48 
49 | .4238054| .7355248]| .4381572] .7798574|| .4526802| .8270854| 49 
50 |0.4240432/0.7362413)|/0.4383979 |0.7806201||0.4529237|0.8278985] 50 


51 | .4242810) .7369585]| .4386386| .7813836)| .4531672| .8287125) 51 | 
52 | .4245189|] .7376764]| .4388794| .7821479]| .4534108|] .8295274| 52 
53 | .4247568] .7383951}| .4891202) .7829131]| .4536544] .8303432) 53 
54 | .4249947| .7391145|| .4393610| .7836790|| .4538980] .8311599| 54 
55 | .4252328) .7398347|| .4396019| .7844457]| .4541417| .8319774| 55 
56 | .4254708) .7405556]| .4398428)] .7852133]| .4543855| .8327959| 56 | 
57 | .4257089| .7412773]| .4400838] .7859817|| .4546293] .8336152] 57 | 
58 | .4259471] .7419997|| .4403249 hala -4548731| .8344354) 58 
59 | .4261853) .7427229)| .4405660| .7875208|| .4551170) .8352565| 59 | 
60 |0.426423610.7434468||0.440807110.7882916||0.455361010.8360785| 60 


~ 


fo) 





= 
COWMNOURWNHO 
OWNONPWNHO [ 























AND EXTERNAL SECANTS 247 
Si 58° 59° 


Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 











0 |0.4553610]0.8360785)|0. 4700807 |0. 8870799 ]|0.4849619)|0.9416040 
1 | .4556049] .8369013]|| .4703274| .8879589]| .4852113] .9425445 
2 | .4558490] .8377251]| .4705742)] .8888388]| .4854607| .9434861 
8 | .4560931) .8385498]| .4708210| .8897197|} .4857101| .9444288 
4 | .4563372)] .8393753]| .4710678| .8906016|| .4859596) .9453725 
5 | .4565813} .8402018]| .4713147| .8914845|| .4862092| .9463173 
6 | .4568256| .8410292)| .4715617] .8923684|| .4864587| .9472632 
7 | .4570698| .8418574|| .4718086] .8932532|| .4867084| .9482102 
8 | .4573141] .8426866|| .4720557] .8941391]| .4869580| .9491533 
9 | .4575585| .8435166|| .4723027] .8950259|| .4872077| .9501075 
10 |0.4578029]0.8443476]|0.4725498)0.8959138/|0.4874575|0.9510577 


11 | .4580473] .8451795]| .4727970| .8968026|| .4877073} .9520091 
j2 | .4582918) .8460123]| .4730442] .8976924|| .4879571] .9529615 
13 | .4585363] .8468460]| .4732915] .8985832|| .4882070] .9539150 
14 | .4587809| .8476806]| .4735387| .8994750|| .4884569] .9548697 
15 | .4590255] .8485161|| .4737861} .9003678]| .4887069] .9558254 
16 | .4592702) .8493525]| .4740335] .9012616|| .4889569] .9567822 
17 | .4595149] .8501898]| .4742809| .9021564|| .4892070] .9577402 
18 | .4597597| .8510281|| .4745283} .9030522|| .4894571} .9586992 
19 | .4600045| .8518672|| .4747759| .9039491]|| .4897072} .9596593 
20 |0.4602493]0.8527073]|0. 4750234] 0.9048469]| 0. 4809574] 0.9606206 


21 | .4604942] .8535483]| .4752710| .9057457|| .4902076| .9615829 
22 | .4607392| .8543903]| .4755187| .9066456]| .4904579| .9625464 
23 | .4609842) .8552331|| .4757664| .9075464|| .4907082| .9635110 
24 | .4612292] .8560769|| .4760141] .9084483]] .4909586| .9644767 
25 | .4614743| .8569216|} .4762619| .9093512]| .4912090| .9654435 
26 | .4617194| .8577672|| .4765097| .9102551|| .4914594| .9664114 
27 | .4619646| .8586138]| .4767576] .9111600|| .4917099| .9673805 
28 | .4622098] .8594612|| .4770055] .9120659|| .4919604| .9683507 
29 | .4$24551| .8603097|| .4772534| .9129729]| .4922110] .9693220 
30 |0.4627004]0.8611590]|0.4775014|0.9138809||0.4924616|0.9702944 


31 | .4629457] .8620093|| .4777495| .9147899|| .4927123) .9712680 
32 | .4631911] .8628605|| .4779976] .9156999|| .4929630| .9722427 
33 | .4634366] .8637126|| .4782457| .9166110]| .4932137| .9732185 
34 | .4636821| .8645657|| .4784939| .9175230|| .4934645| .9741954 
35 | .4939276| .8654197|| .4787421] .9184362]| .4937154) .9751735 
35 | .4641732| .8662747|| .4789904| .9193503]| .4939662| .9761527 
37 | .4644188] .8671306]| .4792387| .9202655|| .4942172| .9771331 
38 | .4646645| .8679875|| .4794870] .9211817]| .4944681]) .9781146 
39 | .4649102] .8688453|| .4797354| .9220990|| .4947191) .9790972 
4) |).4651560|0.8697040]|0.4799839|0.9230173||0.4949702]0.9800810 


41 | .4654018] .8705637|| .4802324] .9239366|| .4952212) .9810659 
42 | .4656477| .8714244]| .4804809| .9248570]| .4954724) .9820520 
43 | .4658935| .8722859|| .4807295| .9257784]| .4957235| .9830393 
44 | .4661395] .8731485|| .4809781] .9267009|| .4959748] .9840276 
45 | .4663855| .8740120]|| .4812267] .9276244|| .4962260| .9850172 
46 | .4666315| .8748764|| .4814754] .9285490|| .4964773] .9860080 
47 | .4668776| .8757419|| .4817242} .9294746]|| .4967287| .9869997 
48 | .4671237| .8766082|| .4819730] .9304013}| .4969801|) .9879927 
49 | .4673699| .8774755|| .4822218| .9313290]| .4972315| .9889869 
50 |0.4676161|0.8783438]|0. 4824707 |0.9322578]|0.4974830| 0.9899822 


51 | .4678624] .8792131|| .4827196] .9331876|| .4977345| .9909787 
52 | .4681087| .8800833]| .4829686| .9341185]} .4979860] .9919764 
53 | .4683550] .8809545|| .4832176| .9350505|| .4982376| .9929752 
54 | .4686014| .8818266]| .4834667] .9359835]| .4984893) .9939753 
55 | .4688479| .8826998|| .4837158| .9369176|| .4987409| .9949764 
56 | .4690943] .8835738]| .4839649] .9378527|| .4989927) .9959788 
57 | .4693409| .8844489|| .4842141] .9387889]| .4992444| .9969823 
58 | .4695875| .8853249|| .4844633] .9397262|| .4994963| .9979870 
59 | .4698341] .8862019|| .4847126] .9406646|| .4997481)| .9989929 
60 10. 470080710. 8870799 0.484961910.9416040110. oe 1.0000000 


nF 





























A 
248 TABLE XXIX.—NATURAL VERSED SINES 























60° 61° 62° ; 
tA ss  - 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 
0 10.5000000]1.0000000]/0. 5151904] 1.0626653)|0.5305284|1.1300545| 0 
1 | .5002519|/1.0010083]} .5154448]1.0637484]| .5307853]1.1312205) 1 
2 | .5005039|1.0020177}} .5156993}1.0648328]| .5310422/1.1323880| 2 
3 | .500755911.0030283]| .5159538]1.0659186]| .5312991/1.1335570} 3 
4 -5010080]1.0040402|} .5162084]1.0670056]| .5315561|1.1347274| 4 
5 | .5012601]1.0050532]] .5164630|1.0680940]| .5318131|1.1358993| 5 
6 | .5015123|1.0060674|} .5167176]1.0691836]| .5320702|1.1370726| 6 
7 1 .5017645/1.0070828]| .5169723|1.0702746]| .5323273/1.1382475| 7 
8 | .5020167|1.0080994|} .5172270]1.0713670]| .5325844)1.1394238] 8 
9 .5022690/1.0091172]| .5174818]1.0724606]| .5328416|1.1406015| 9 
10 10.5025213]1.0101362||0.5177366|1.0735556||0. 5330988] 1.1417808} 10 
11 | .5027736/1.0111564|| .5179914/1.0746519}| .5333561|1.1429615) 11 
12 | .5030260/1.0121779|| .5182463/1.0757496]| .5336134|1.14414388) 12 
13 | .5032785]1.0132005|] .5185013|1.0768486]| .5338707]1.1453275) 13 
14 | .5035310/1.0142243|| .5187562|1.0779489]| .5341281)1.1465127| 14 
15 | .5037835/1.0152494|| .5190112}1.0790506|| .5343855|1.1476993] 15 
16 .5040361]/1.0162756|| .5192663]1.0801536|| .5346429|1.1488875) 16 
17 .5042887|1.0173031]| .5195214]1.0812580]| .5349004|1.1500772| 17 
18 | .5045413/1.0183318||} .5197765|1.0823637|| .5351580/1.1512684| 18 
19 .5047940|1.0193618]| .5200317|1.0834708]| .5354155|1.1524611) 19 
20 |0.5050468| 1.0203929||0. 5202869 | 1.0845792||0.5356731|1.1536553} 20 
21 | .5052995|1.0214253]| .5205421]1.0856890|| .5359308/1.1548510} 21 
22 .5055524|1.0224589|| .5207974]1.0868002}| .5361885|1.1560482) 22 
23 | .5058052)1.0234937]| .5210528|1.0879127|| .5364462|1.1572469| 23 
94 | .5060581|1.0245297|| .5213081]1.0890265|| .5367040|1.1584471} 24 
25 | .5063111]1.0255670]| .5215636|1.0901418]| .5369618|1.1596489| 25 
26 .5065641]1.0266056|} .5218190}1.0912584]| .5372196|1.1608522| 26 
27 | .5068171|1.0276453|| .5220745]1.0923764]| .5374775)1.1620570| 27 
28 | .5070702|1.0286863]|| .5223300]1.0934957]| .5377354|1.1632633] 28 
29 .5073233|1.0297286|| .5225856}1.0946164]| .5379934|1.1644712| 29 
30 |0.5075764|1.0307720]|0.5228412]1.0957385]|0.5382514|1.1656806] 30 
831 | .5078296|1.0318168]| .5230969]1.0968620]| .5385094]1.1668915} 31 
= | .5080829]1.0328628]| .5233526|1.0979869|| .5387675)1.1681040| 32 
33 | .5083362]1.0339100]| .5236083|1.0991131|| .5390256|1.1693180] 33 
34 | .5085895|1.0349585]| .5238641/1.1002408]| .5392838]1.1705335]} 34 
35 | .5088428/1.0360082}| .5241199)1.1013698]| .5395420/1.1717506| 35 
36 | .5090962|1.0370592|| .5243758]1.1025002|| .5398002|1.1729693| 36 | 
87 | .5093497]1.0381114]| .5246317|1.1036320|| .5400585|1.1741895| 37 
38 .5096032|1.0391649]| .5248876]1.1047652]| .5403168])1.1754113) 38 
39 .5098567|1.0402197]| .5251436/1.1058998]| .5405752|1.1766346| 39 
40 |9.5101103]1.0412757 ||0.5253996|1.1070359]/0.5408335]1.1778595} 40 
41 | .5103639|1.0423330]|| .5256557/1.1081733]| .5410920|1.1790859 
42 | .5106175|1.0433916]| .5259118]1.1093121]| .5413504|1.1803139 
43 .5108712|1.0444515|| .5261679}1.1104523]| .5416090/1.1815435 
44 .5111250/1.0455126||} .5264241/1.1115940]| .5418675|1.1827746 
45 | .5113788]1.0465750]| .5266803]1.1127371|| .5421261)1.1840074 
46 | .5116326/1.0476386]| .5269366]1.1138815]| .5423847|1.1852417 
47 | .5118864}1.04870386]| .5271929|1.1150274|| .5426434/1.1864775 
48 .5121403|1.0497698]|| .5274492|1.1161748]| .5429021)1.1877150 
49 | .5123943]1.0508373|| .5277056]1.1173235]| .5431608)1.1889541 
50 |0.5126483]1.0519061)|0. 5279620] 1. 1184737 ||0.5434196| 1.1901947 
51 | .5129023]1.0529762]| .5282185]1.1196253]| .5436784/1.1914370 
52 | .5131564]1.0540476]| .5284750]1.1207783]|| .5439373|1.1926808 
53 | .5134105]1.0551203]| .5287315]1.1219328]| .5441962|1.1939262 
54 | .5186646|1.0561942|| .5289881]1.1230887|| .5444551)1.1951733 
55 | .5139188|1.0572695|| .5292447|1.1242460]| .5447141|1.1964219 
56 | .5141730]1.0583460]| .5295014|1.1254048]| .5449731|1.1976721 
57 | .5144273|1.0594239]| .5297581|1.1265651]| .5452321|1.1989240 
58 | .5146816]1.0605031||} .5300148]1.1277267|| .5454912|1.2001775 
59 | .5149360 ese . 5302716 jeapeeere 5457503 peeoaeee 








60 |0.5151904]1.06266531/0. 5305284 . 2026893 





:13005451|0.5460095 
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AND EXTERNAL SECANTS 
























63° 64° 
Vers. Ex. sec. Vers 
- 5460095] 1. 2026893 56162891 
. 5462687 | 1. 2039476 5618903} 1 
. 5465279 | 1. 2052075 5621518} 1 
. 5467872 |1.2064691 5624134]1 
. 5470465 | 1. 2077323 5626749 | 1 
. 5473059 | 1. 2089972 5629366 | 1 
. 5475653 | 1. 2102637 5631982 |1 
. 5478247 |1.2115318 5634599 | 1 
. 5480842 |1.2128016 5637216] 1 
. 5483437 |1. 2140730 5639834] 1 
5486033 |1.2153460 5642452) 1 
. 5488628 /1.2166208 5645070] 1 
.5491225|1.2178971 5647689 | 1 
. 5493821 /1.2191752 5650308 | 1 
.5496418]1. 2204548 56529281 
. 5499016 ]1.2217362 5655547 | 1 
. 5501613 ]1. 2230192 5658168] 1 
.5504211]1. 2243039 5660788} 1 
.5506810]1 . 2255903 5663409 | 1 
. 5509409 | 1. 2268783 5666030 1 
. 5512008 /1. 2281681 5668652] 1 
. 5514608} 1. 2294595 5671274] 1 
.5517208]1. 2307526 5673897 | 1 
. 5519808 | 1. 2320474 5676519) 1 
. 5522409 | 1. 2333438 5679143) 1 
.5525010]1.2346420 5681766] 1 
.5527612|1.2359419 5684390] 1 
.5530214]1.2372435]| .5687014]1 
.5532816/1.2385468]} .5689639]1 
.5535419|1.2398517|| .5692264]1 
5538022 |1.2411585]|0. 5694889} 1 
.5540625]1.2424669]| .5697515/1 
. 5543229 |1.2437770|| .5700141}1 
. 5545833 }1.2450889]|} .5702767}1 
. 5548438 /1.2464025)| .5705394}1 
.5551043]1.2477178]| .5708021}1 
.5553648]1.2490348]| .5710649]1 
.5556254]1.2503536]| .5713277}1 
.5558860]1.2516741 5715905] 1 
.5561466]1.2529964 5718533] 1 
. 5564073] 1. 2543204 5721162}1 
.5566681/1.2556461 57237921 
. 5569288] 1. 2569736 5726421}1 
. 5571896 |1.2583029 5729051] 1 
.5574504/1.2596339 5731682] 1 
.5577113|1. 2609667 5734313} 1 
.5579722/1.2623012 5736944] 1 
.5582332|1.2636376 5739575! 1 
.5584941]1. 2649756 5742207 |1 
.5587552/1.2663155 5744839 |1 
.5590162|1.2676571 5747472|1 
.5592773/1.2690005 5750105} 1 
.5595385|1.2703457 5752738] 1 
.5597996|1.2716927 5755372} 1 
.5600608]1. 2730415 5758006} 1 
. 5603221]1.2743921 5760640] 1 
. 5605834] 1. 2757445 5763275) 1 
. 5608447 |1. 2770987 5765910} 1 
.5611060|1.2784546|| .5768545)1 
.5613674|1.2798124|| .5771181]1 
.56162891!1.2811720110.5773817}1 


Ex. sec. 








. 2811720 
- 2825335 
- 2838967 
- 2852618 
- 2866286 
. 2879974 
- 2893679 
- 2907403 
- 2921145 
- 2934906 
- 2948685 


. 2962483 
. 2976299 
. 2990134 
. 3003988 
. 3017860 
. 3031751 
- 3045660 
. 3059588 
. 3073536 
- 3087501 


. 3101486 
. 3115490 
- 3129513 
.3143554 
.3157615 
.3171695 
.3185794 
. 3199912 
. 3214049 
. 3228205 


. 3242381 
. 3256575 
. 3270790 
. 3285023 
- 3299276 
. 3313548 
. 3327840 
. 3342152 
. 3356482 
- 3370833 


. 3385203 
. 38399593 
. 3414002 
. 3428432 
. 3442881 
- 3457349 
. 8471838 
3486347 
- 3500875 
.3515424 


. 3529992 
. 3544581 
. 3559189 
. 3573818 
- 38588467 
. 8603136 
- 3617826 
. 3632535 
.3647265 
. 38662016 
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TABLE XXIX.—NATURAL VERSED SINES 














250 
; 66° 67° 68° 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 
0 |0.5932634| 1.4585933 ||0.6092689 | 1. 5593047 |/0.6253934!1.6694672| O 
1 | .5935291)1.4602008]| .6095367]1.5610599]|} .6256631]1.6713906| 1 
2 | .5937949|1.4618106]| .6098045|1.5628176]|| .6259329/1.6733171| Z 
3 . 5940607 | 1.4634227 |) .6100723)1.5645781]| .6262027|1.6752465|) 3 
4 . 5943266] 1.4650371]|| .6103402]1.5663412]|| .6264725|1.6771790| 4 
5 | .5945925]1.4666538]| .6106081|1.5681069}| .6267423/1.6791145| 5 
6 5948584] 1.4682729|) .6108760}1.5698752}]| .6270122)1.6810530| 6 
7 | .56951244}1.4698943]| .6111440]1.5716462]|} .6272821]1.6829945| 7 
8 | .5953904]1.4715181]| .6114120]1.5734199|| .6275521]1.6849391 8 
9 .5956564]| 1.4731442]| .6116801}1.5751963]|| .6278220|1.6868867) 9 
10 |0. 5959225] 1.4747726 |10.6119482] 1.57697531|0.6280921] 1.6888374| 10 
11 | .5961886]1.4764034]| .6122163}1.5787570]| .6283621}1.6907912] 11 
12 .5964547|1.4780366]| .6124844]1.5805414]| .628633211.6927480; 12 
13 | .5967209]1.4796721]| .6127526]1.5823284]| .6289023]1.6947079| 13 
14 - 5969871] 1.4813100]| .6130208]1.5841182}|} .6291724|1.6966709| 14 
15 | .5972533)1.4829503]| .6132890}1.5859107]| .6294426]1.6986370] 15 
16 - 5975196] 1.4845929]| .6135573]1.5877058|| .6297128|1.7006061| 16 
17 | .5977859|1.4862380|| .6138256]1.5895037]| .5299830|1.7025784| 17 
18 | .5980522|1.4878854]} .6140940]1.5913043]| .6302532]1.7045538| 18 
19 . 5983186] 1.4895352|| .61438623}1.5931077|| .6305235]1.7065323| 19 
20 |0.5985850] 1 .4911874]||0.6146307]| 1. 5949137 ||0.6307939]1.7085139| 20 
21 -5988514]1.4928421]| .6148992]1.5967225|| .6310642|1.7104987| 21 
22 -5991179}1.4944991]| .6151676]1.5985341]|| .6313346]1.7124866| 22 
23 | .5993844]1.4961586]| .6154361]1.6003484]| .6316050]1.7144777| 23 
24 | .5996510/1.4978204]| .6157047)1.6021654!| .6318754]1.7164719}| 24 
25 | .5999175]1.4994848]| .6159732]1.6039852|| .6321459]1.7184693| 25 
26 -6001842]1.5011515]| .6162418]1.6058078]|| .6324164]1.7204698] 26 
27 - 6004508] 1.5028207|} .6165105]1.6076332|| .6326870|1.7224735| 27 
28 | .6007175]1.5044923]| .6167791|1.6094613]| .6329575]1.7244804| 28 
29 -6009842)1.5061663}| .6170478/1.6112922]| .6332281!1.7264905] 29 
30 |0.6012509} 1. 5078428!/0.6173166] 1.6131259||0.6334988]1.7285038|] 30 | 
81 | .6015177}1.5095218|| .6175853]1.6149624|] .6337694]1.7305203] 31 
32 .6017845)/1.5112032|| .6178541)1.6168018]| .6340401])1.7325400| 32 
33 -6020514]1.5128871]]} .6181230]1.6186439]| .6343109|1.7345630] 33 
34 -6023182]1.5145735|| .6183918]1.6204888]| .6345816]1.7365892] 34 _ 
35 | .6025852]1.5162624|| .6186607|1.6223366|| .6348524]1.7386186] 35 | 
36 | .6028521]1.5179537]| .6189296|1.6241872]| .6351232|1.7406512| 36 
37 | .6031191]1.5196475|| .6191986]1.6260406]] .6353941|1.7426871] 37 
38 | .6033861]1.5213438]| .6194676]1.6278969|] .6356649|1.7447263] 3& | 
39 | .6036532]1.5230426]| .6197366]1.6297560]} .6359359|1.7467687} 39 | 
40 |0.6039202]1.5247440//0.6200056| 1.6316180]|0.6362068|1.7488144| 40 | 
| 
41 | .6041873}1.5264478|| .6202747|1.6334828]|| .6364778]1.7508634| 41 | 
42 | .6044545]1.5281541]| .6205438]1.6353506]] .6367488]1.7529157] 42 | 
43 | .6047217]1.5298630]| .6208130]1.6372211|| .6370198]1.7549712] 43 
44 | .6049889]1.5315744]|| .6210822/1.6390946|| .6372909|1.7570301] 44 
45 | .6052561]1.5332883]| .6213514]1.6409710]} .6375620]1.7590923] 45 | 
46 -6055234/1.5350048]| .6216206|1.6428502]| .6378331|1.7611578] 46 
47 | .6057907)1.5367238]|| .6218899|1.6447323]| .6381042|1.7632267| 47 
48 | .6060581]1.5384453|| .6221592!1.6466174]| .6383754]1.7652988] 48 
49 |} .6063255|1.5401694|] .6224286]1.6485054|| .6386466]1.7673744| 49 
50 |0.6065929]1.5418961]/0.6226979] 1.6503962]|0.6389179|1.7694532| 50 
51 | .6068603/1.5436253]| .6229673]1.6522901]] .6391892]1.7715355} 51 
52 | .6071278]1.5453571]| .6232368]1.6541868]} .6394605|1.7736211] 52 
53 | .6073953]1.5470915]| .6235062]1.6560865]| .6397318|1.7757100] 53 
54 | .6076629}1.5488284]|| .6237757|1.6579891]| .6400032]1.7778024| 54 
55 | .6079305]1.5505680]| .6240453]1.6598947|| .6402746|1.7798982] 55 
56 | .6081981/1.5523101]| .6243148]1.6618033]] .6405460]1.7819973] 56 | 
57 | .6084657|1.5540548]| .6245844|1.6637148]| .6408175|1.7840999] 57 
58 | .6087334|1.5558022|| .6248541]1.6656292|| .6410890]1.7862059| 58 
59 | .6090011|1.5575521)| .6251237|1.6675467|| .6413605|1.7883153| 59 | 
60 |0.6092689|1.5593047 ||0.625393411.6694672110.641632111.7904281| 60 i 
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69° 70° Tag 
Vers. | Ex. sec. Vers. Ex. sec. Vers Ex. sec. 
0.6416321/1.7904281/|0.6579799 | 1 9238044 ||0.6744318|2.0715535 
-6419036]1.7925444|| .6582532]1.9261431]| .6747069 |2.0741507 
-6421752]1.7946641]] .6585266]1.9284858|| .6749820|2.0767525 
- 6424469 ]|1.7967873]] .6588000] 1.9308326]| .675257112.0793590 
-6427186]1.7989140]| .6590735]1.9331833|| .6755322 2.0819702 
-6429903]1.8010441}|} .6593469]1.9355380|| .6758074|2.0845860 
-6432620]1.8031777|| .6596204]1.9378968|| .6760826|2.0872066 
- 6435338] 1.8053148]| .6598940]1.9402597]|] .6763578|2.0898319 
. 6438056 ]1.8074554|| .6601675] 1 .9426265 . 6766330 |2.0924620 
-6440774|1.8095995|| .6604411]1.9449975]| .6769083|2.0950967 
0.6443492/1.8117471/|0.6607148] 1 .9473725 40. 6771836 |2.0977363 
-6446211/1.8138982)] .6609884]1.9497516 6774589 |2. 1003805 
-6448930]1.8160529]| .6612621)1.9521348 6777343 |2. 1030296 
-6451650]1.8182111]| .6615358]1.9545221 6780097 |2. 1056835 
-6454370]1.8203729|| .6618095] 1.9569135 6782851 |2.1083422 
-6457090|1.8225382|| .6620833] 1.9593090 6785605 |2. 1110057 
-6459810]1.8247071]| .6623571]1.9617087 6788360 |2.1136740 
-6462531]1.8268796/} .6626309]1.9641125 6791115|2.1163472 
-6465252/1.8290556]| .6629047]1.9665205 . 6793870 12.1190252 
-6467973|1.8312353}| .6631786] 1.9689327 || .6796626|2.1217081 
0.6470694|1.8334185]|9.6634525] 1.9713490]/0.6799381|2. 1243959 
-6473416]1.8356054|| .6637265]1.9737695 6802137 |2.1270886 
.6476138]1.8377958]| .6640004]1.9761942 6804894 | 2. 1297862 
.6478861]1.8399899]| .6642744]1.9786231 680765012. 1324887 
.6481584]1.8421877)|| .6645484}1.9810563 6810407 |2. 1351962 
-6484307|1.8443891]| .6648225]1.9834936 6813164 |2.1379086 
-6487030]1.8465941]| .6650966]1.9859352 6815921 ]2. 1406259 
.6489753/1.8488028]| .6653707]1.9883811 6818679 |2. 1433483 
.6492477|1.8510152}| .6656448]1.9908312 6821437 |2. 1460756 
-6495202]1.8532312]| .665919011.9932856]| .6824195]2.1488079 
0.6497926|1.8554510]|0.6661931]1.9957443]/0. 6826953 |2. 1515453 
.6500651]1.8576744|| .6664674]1.9982073]| .6829712]2. 1542877 
-6503376]1.8599015]| .6667416]2.0006746]] .6832471]2. 1570351 
.6506102]1.8621324]| .6670159]2.0031462]| .6835230]2.1597876 
- 6508827 | 1.8643670]| .6672902|2.0056221]|| .6837990/2. 1625452 
.6511553]1.8666053]| .6675645|2.0081024]} .6840750}2. 1653078 
.6514280]1.8688474]} .6678389|2.0105870]| .6843510]2. 1680756 
.6517006|1.8710932}| .6681133]2.0130760]| .68462701}2. 1708484 
-6519733]1.8733428]| .6683877/2.0155694|| .6849031/2. 1736264 
.6522460]1.8755961]| .6686621|2.0180672]|| .6851791/2.1764095 
0.6525188]1.8778532||0.6689366 | 2.0205693]|0.6854552 |2.1791978 
-6527915|1.8801142)| .6692111)2.0230759 6857314 |2.1819913 
.6530643]1.8823789|| .6694856|2.0255868 6860075 |2. 1847899 
.6533372]1.8846474|| .6697602|2.0281023 6862837 |2. 1875937 
.6536100]|1.8869198]| .6700347|2.0306221 6865600 | 2. 1904028 
.6538829]1.8891960|| .6703094|/2.0331464 6868362 |2.1932170 
.6541559]1.8914760]| .6705840/2.0356752 6871125]2.1960365 
.6544288]/1.8937598]| .6708587)|2.0382084]| .6873888]2. 1988613 
.6547018]1.8960475|| .6711334|2.0407462]| .6876651/2. 2016913 
.6549748]1.8983391]| .6714081|2.0432884!| .687941412.2045266 
0.6552479|1.9006346|/0.6716828]2.0458352/|0.6882178|2.2073673 
-6555209]1.9029339|| .6719576]2.0483864|| .6884942/2.2102132 
.6557940|1.9052372|| .6722324/2.0509423]| .6887706]2. 2130644 
.656067111.9075443|| .6725072|2.0535026]) .6890471]2.2159210 
.6563403/1.9098553]| .6727821|2.0560675]| .6893236]2.2187830 
.6566135]1.9121703]| .6730570)2.0586370]| .6896001|2.2216503 
. 6568867 |1.9144892]| .6733319/2.0612111]| .6898766]2. 2245230 
.6571600}1.9168121]||} .6736068|2.0637898]| .6901532|2.2274011 
.6574332]1.9191389]| .6738818!2.0663731]| .6904298]2.2302846 
.6577065|1.9214697)| .6741568)}2.0689610]| .6907064}2.2331736 
0.6579799|1.9238044110.674431812.0715535|!0.6909830 | 2. 2360680 
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252 TABLE XXIX.—NATURAL VERSED SINES 
MT cee ee a aoe 
72° 73° 74° : 
Vers Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 
0 |0.6909830| 2. 2360680]/0.7076283] 2.4203036||0.7243626|2.6279553| oO 
1 6912597 |2.2389678]| .7079065|2.4235611]| .7246423|2.6316395| 7 
2 6915364] 2. 2418732]! .7081847|2.4268251|| .724921912.6353316] 2 
3 6918131]2.2447840]| .7084629|2.4300956|| .7252016|2.6390315| 32 
4 6920898) 2.2477003|| .7087412|2.4333727|| .7254813|2.6427392| 4 
5 6923666 | 2 .2506222|| .7090195|2.4366563|| .7257610|2.6464548| 5 
6 6926434] 2 .2535496|| .7092978|2.4399465|| .7260408|2.6501783] 6 
7 6929202/2.2564825]|| .7095761]2.4432433]| .7263206|2.6539097| 7 
8 | .6931970)2.2594211]| .7098545|2.4465467|| .7266003|2.6576491| 8 
9 | .6934739)|2.2623652|| .7101329|2.4498568]| .7268802|2.6613964! 9 
10 |0.6937508| 2. 2653149] 0.7104113|2.4531735||0.7271600] 2.6651518] 10 
11 | .6940277)2.2682702|| .7106897|2.4564969]|| .7274399]2.6689151| 11 
12 | .6943047]2.2712311}| .7109682|2.4598269|| .7277198]2.6726865| 12 
13 | .6945817)2.2741977|| .7112467]2.4621637|| .7279997|2.6764660| 13 
14 | .6948587|2.2771700]| .7115252|2.4665073]| .7282796]2.6802536| 14 
15 | .6951357)2.2801479|| .7118037|2.4698576]| .7285596|2.6840493| 15 
16 | .6954128]2.2831316|| .7120823|2.4732146]| .7288395]2.6878532] 16 
17 | .6956898)2.2861209]| .7123609|2.4765785|| .7291195|2.6916652| 17 
18 | .6959669|2.2891160]| .7126395|2.4799492|| .7293996|2.6954854| 18 
19 | .6962441/2.2921168]| .7129181]2.4833267|| .7296796|2.6993139| 19 
20 |0.6965212) 2. 2951234]|/0.7131968| 2.4867110]||0.7299597]2.7031506} 20 
21 | .6967984/2.2981357)|| .7134754]2.4901023|| .7302398]2.7069956] 21 
22 | .6970756]2.3011539]| .7137542]2.4935004]| .7305199|2.7108489 22 
23 -6973529]2.3041778|| .714032912.4969055|| .7308000|2.7147105| 23 
24 | .6976301}2.3072076]| .7143116|2.5003175|| .7310802|2.7185805] 24 
25 | .6979074|2.3102432|| .7145904|2.5037365|| .7313604|2.7224589] 25 
26 -6981847 |2.3132847|| .7148692|2.5071625|! .7316406]2.7263457| 26 
27 | .6984620/2.3163320]| .7151480|2.5105954|| .7319208]2.7302409| 27 
28 | .6987394]2.3193853]| .7154269/2.5140354|| .7322011]2.7341446 28 
29 . 6990168] 2.3224444]| .7157058|2.5174824|| .7324813|2.7380568 29 
30 |0.6992942]2.3255095)|0.7159847 | 2.5209365|10.7327616|2.7419775 30 
31 | .6995716]2.3285805]| .7162636}2.5243977!| .7330419]2.7459068 31 
32 | .6998491/2.3316575|| .7165425|2.5278660|| .7333223|2.7498447| 32 
33 | .7001266]2.3347405|| .7168215|2.5313414]|| .7336027|2.7537911| 33 
34 | .7004041}2.3378294|| .7171005|2.5348240|| .7338830|2.7577462| 34 
35 | .7006816]2.3409241]| .7173795}2.5383138]| .7341634]/2.7617100] 35 
36 . 7009592) 2. 3440254 - 7176585} 2.5418107]|| .7344439|2.7656824] 36 
37 | .7012368)2.3471324]| .7179376|2.5453149|| .7347243|2.7696636| 37 
38 | .7015144]2.3502455]| .7182167|2.5488263]| .7350048]2.7736535 38 
39 -7017921|2. 3533647 || .7184958]2.5523450|| .7352853|2.7776522 39 
40 |0.7020697 | 2.3564900]/0.7187749 | 2.5558710]|0.7355658] 2.7816596 40 
41 | .7023474)2.3596214]| .7190541]2.5594042]| .7358464]2.7856760 41 
42 | .7026251)2.3627589|| .7193333]2.5629448]| .7361270|2.7897011 42 
43 | .7029029|2.3659023|| .7196125|]2.5664928]|| .7364075|2.7937352 43 
44 | .7031806]2.3690524]| .7198917 P2.5700481]] .7366882]2.7977782| 44 
45 | .7034584]|2.3722084|| .7201710}2.5736108]| .7369688]2.8018301 45 
46 | .7037362|2.3753707|| .7204503]2.5771810|] .7372494}2.8058911 46 
47 | .7040141|2.3785391 . 7207296 | 2.5807586]| .7375301|2.8099610| 47 
48 | .7042919|2.3817138]| .7210089]2.5843437|| .7378108 2.8140399} 48 
49 | .7045698|2.3848948]| .7212882|2.5879362|! .7380915 2.8181280] 49 
50 |0.7048478] 2. 3880820 ]10.7215676 | 2.5915363|/0. 7383723 2.8222251!| 50 
51 | .7051257)2.3912755|| .7218470]2.5951439]| .7386531 2.8263313} 51 
52 | .7054037|2.3944754|| .7221264|2.5987590]| .7389338 2.8304467| 52 
53 | .7056817|2.3976816|| .7224059|2.6023818]| .7392147 2.8345713] 53 
54 | .7059597|2.4008941]| .7226853]2.6060121|| .7394955 2.8387052] 54 
55 . 7062377 |2.4041130]} .7229648|2.6096501|| .7397763 2.8428482| 55 
56 - 7065158) 2.4073382|| .7232444|2.6182957|| .7400572 2.8470006| 56 
57 - 7067939 |2.4105699|| .7235239]2.6169490|| .7403381]2.8511622 5a 
58 .7070720|2.4138080]! .7238035|2.6206101||] .7403190 2.8553332| 58 
59 .7073501|2.4170526]| .7240830]|2.6242788]|| .7409000 2.8595135] 59 
60 10.707628312. 4203036 110.724362612.6279553110.7411810|2. 60 
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75° 76° With 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 

0 |0.7411810]2.8637033]/0.7580781]3.1335655||0.77504891|3. 4454115 

1 -7414619|2.8679025/| .7583604|3.1383939|| .7753324/3.4510198 
2 | .7417430]2.8721112]| .7586426/3.1432339]| .7756158/3. 4566428 
3 | .7420240|2.8763293]| .7589249!3.1480856|| .775899313.4622803 
4 | .7423050)2.8805570]| .7592073/3.1529491|| .7761828|3.4679324 
5 | .7425861}2.8847943]! .7594896/3.1578243]| .7764663|3.4735993 
6 | .7428672/2.8890411}| .7597720/3.1627114|| .7767499|3.4792810 
7 | .7431483)2.8932976]|| .7600543|3.1676102]| .7770334|3.4849775 
8 | .7434295)2.8975637|| .7603367|3.1725210|| .7773170|3.4906889 
9 | .7437106/2.9018395|| .7606192|3.1774438]|| .7776006|3.4964152 
10 |0.7439918/2.9061250//0. 7609016] 3. 1823785]|0. 7778842] 3. 5021565 
11 - 7442730] 2.9104203]| .7611841]3.1873258]| .7781679|3.5079129 
12 - 7445542 |2.9147254|| .7614665/3.1922840]| .778451513.5136844 
13 | .7448355)2.9190403]| .7617490/3.1972549|| .778735213.5194711 
14 | .7451168)2.9233651]| .7620316|3.2022380|| .7790189]3.5252730 
15 .7453981)|2.9276997|| .7623141]3.2072333]| .7793026|3.5310903 
16 | .7456794|2.9320443]| .7625967|3.2122408]| .7795863/3.5369229 
17 | .7459607|2.9363988]| .7628793]3.2172606|| .7798700|3.5427709 
18 | .7462421|2.9407633]| .7631619/3.2222928]| .7801538|3.5486344 
19 - 7465234] 2.9451379]| .7634445]3.2273373]| .7804376|3.5545134 
20 |0.7468048 | 2.9495224/10.7637271]3.2323943]/0.7807214| 3.5604080 
21 . 7470863 | 2.9539171|| .7640098]3.2374637 || .7810052)3.5663183 
22 - 7473677 |2.9583219]| .7642925/3.2425457|| .7812890]3.5722444 
23 | .7476492|2.9627369|| .7645752|3.2476402|| .7815729|3.5781862 
24 .7479306|2.9671621]| .764857913.2527474]|| .781856813.5841439 
25 -7482121|2.9715975|| .7651406]3.2578671]| .7821407|3.5901174 
26 -748493712.9760431|| .7654234|3.2629996|| .7824246|3.5961070 
27 | .7487752/2.9804991]|| .7657062|3.2681449]] .7827085|3.6021126 
28 | .7490568]2.9849654|| .7659890/3.2733029]| .7829924]3.6081343 
29 | .7493384/2.9894421]|| .7662718)]3.2784738]| .783276413.6141722 
30 |0.7496200] 2.9939292|10.7665546]3.2836576/10.7835604]| 3 .6202263 
31 -7499016|2.9984267|| .7668375|3.2888543|| .783844413.6262967 
32 | .7501833/3.0029347]| .7671204|3.2940640]| .784128413.6323835 
33 | .7504650}3.0074532|| .7674033|3.2992867|| .784412413.6384867 
34 | .7507467/3.0119823]| .7676862|3.3045225|| .7846965|3.6446064 
35 | .7510284/3.0165219|| .7679691|3.3097715|| .784980613.6507427 
36 .7513101]3.0210722)| .7682521|3.3150336]|| .7852647|3.6568956 
37 | .7515919]3.0256332|| .768535113.3203090|| .7855488|3.6630652 
38 | .7518737|3.0302048]| .7688181]3.3255977|| .7858329|3.6692516 
39 | .7521555/3.0347872|| .7691011|3.3308996|| .7861171|3.6754548 
40 |0.7524373]3.0393804}|0.7693841/3.3362150]|0.7864012|3.6816748 
41 | .7527191|3.0439844]| .7696672]3.3415488]| .7866854|3.6879119 
42 | .7530010|3.0485992]| .7699503/3.3468861]| .786969613.6941660 
43 | .7532829)|3.0532249|| .7702334]3.3522419]| .787253813.7004372 
44 | .7535648]3.0578615|| .7705165/3.3576113]| .787538113.7067256 
45 | .7538467|3.0625091]| .7707996/3.3629943]| .787822313.7130313 
46 | .7541287|3.0671677]|| .7710828]3.3683910]|| .7881066/3.7193542 
47 | .7544106]3.0718374]| .7713659]3.3738015]| .7883909|3.7256945 
48 | .7546926/3.0765181]| .771649113.3792257]|| .7886752|3.7320524 
49 | .7549746|3.0812100]| .7719323}3.3846638]|| .7889595|3.7384277 
50 |0.7552567 | 3.0859130]/0.7722156 |] 2.3901158/|0. 7892439 |3.7448206 
51 . 7555387 |3.0906272|| .7724988)]3.3955817|| .7895282|3.7512312 
52 | .7558208/3.0953526|| .772782113.4010616]| .7898126|3.7576596 
53 | .7561029/3.1000893]| .7730654|3.4065556||} .7900970/3.7641058 
54 | .7563850/3.1048374]| .7733487|3.4120637]|] .7903814|3.7705699 
55 | .7566671/3.1095967!| .7736320|3.4175859|] .7906659|3.7770519 
56 | .7569493/3.1143675]| .7739154|3.4231224]|] .7909503/3.7835520 
57 | .7572315|3.1191498]| .7741987|3.4286731]| .7912348]3.7900702 
58 | .7575137|3.1239435]| .7744821|3.4342382]| .7915193|3.7966066 
59 | .7577959|3.1287487|| .7747655|3.4398176]| .7918038/3.8031613 
60 10.758078113.1335655||0.7750489|3.4454115 8097343 
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254 TABLE XXIX.—NATURAL VERSED SINES 
; 78° 79° 80° ; 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 
0 |0.7920883]3.8097343]|0.8091910|4.2408431||0.8263518/4.7587705| 0 
1 . 7923728) 3.8162258!1! .8094766|4.2486979]| .8266383]4.7682867 1 
2 | .7926574|3.8229507,| .8097621]4.2565768|| .8269248|4.7778350| 2 
3 . 7929420 3.8295643|| .8100477]4.2644798]| .8272113]4.7874153 3 
4 | .7932266|3.8362114|| .8103333]4.2724070|| .8274978|4.7970280] 4 
5 | .7935112/3.8428774]| .8106189|4.2803587|| .8277844|4.8066732| 5 
6 | .7937958}3.8495621|| .8109046|4.2883347|| .8280709|4.8163510| 6 
7 - 7940805] 3.8562657|} .8111902)4.2963354]| .8283575]4.8260617 7 
8 . 7943651) 3.8629883|| .8114759]4.3043608]] .8286440]4.8358053 8 
9 | .7946498]3.8697299|| .8117615]4.3124109]| .8289306]4.8455820] 9 
10 |0.7949345|3.8764907||0.8120472|4.3204860||0.8292172|4.8553921| 10 
11 | .7952192]3.8832707|| .8123330]4.3285861|| .8295039|/4.8652356| 11 
12 | .7955039|/3.8900700|| .8126187]4.3367114|| .8297905|4.8751128] 12 
13 | .7957887|3.8968886|| .8129044]4.3448620|| .8300772| 4.8850238] 13 
14 | .7960735|3.9037267|| .8131902]4.3530379|| .8303638|4.8949688| 14 
15 . 7963582] 3.9105844]| .8134760)4.3612393]| .8306505|4.9049479] 15 
16 ,7966431/3.9174616|| .8137618]4.3694664]| .830937214.9149614| 16 
17 -796927913.9243586]| .8140476]4.3777192]| .831223914.9250095]} 17 
18 .7972127)|3.9312754]| .8143334]4.3359979]|| .8315106]4.9350922| 18 
19 - 7974976] 3.9382120]| .8146192]4.3943026|| .8317974|4.9452098 19 
20 |0.7977824|3.9451687]10.8149051]4.4026333]|0.8320841]| 4.9553625 20 
21 | .7980673|3.9521453]| .8151909|4.4109903|| .8323709]4.9655504! 21 
22 | .798352213.9591421]| .8154768|4.4193737|| .8326577|4.9757737| 29 
23 . 7986371) 3.9661591 .8157627|4.4277835]| .8329444|4.9860326| 23 
24 - 7989221]3.9731964||] .8160486]4.4362199|| .8332313|4.9963274 24 
25 . 7992070] 3.9802541 -8163346]4.4446831 .8335181}5.0066581] 25 
26 | .7994920]3.9873323|| .8166205]4.4531731|| .8338049|5.0170250| 26 
27 | .7997770|3.9944311|| .8169065|4.4616901|| .8340918|5.0274282| 27 
28 | .8000620/4.0015505|| .8171925]4.4702342|| |8343783|5.0378680| 28 
29 .8003470/4.0086907|| .8174785]4.4788056|| . 8384665515.0483445| 29 
30 |0.8006321]4.0158517||0.8177645|4 .4874043||0.8349524|5.0588580| 30 
31 | .8009171]4.0230337]| .8180505]4.4960305|| .8352393/5.0694085| 31 
32 | .8012022/4.0302367|| .8183365]4.5046843|| .8355262|5.0799964| 39 
33 | .8014873]4.0374607|| .8186226]4.5133659|| .8358132|5.0906219| 33 
34 -8017724|4.0447060|| .8189087}4.5220754]} .8361001/5.1012850| 34 
35 | .8020575]4.0519726|| .8191948]4.5308129|| .8363871|5.1119861| 35 
36 | .8023427]4.0592606]| .8194809]4.5395786|| .8366740|5.1227253| 36 
St . 8026278] 4.0665701 . 8197670] 4.5483726|| .8369610|5.1335028] 37 
38 .8029130|4.0739012]| .8200531]4.5571951 .8372480|5.1443189| 38 
39 | .8031982]4.0812539|| .8203393}4.5660460|| .8375350|5.1551736| 39 
40 |0.8034834| 4.6886284||0.8206254]4.5749258]|0.837822115. 1660674] 40 
41 | .8037686]4.0960248|] .8209116]4.5838343]| .8381091]5.1770003] 41 
42 | .8040539|4.1034431|| .8211978|4.5927719|| _8383962|5.1879725] 49 
43 | .8043391|4.1108835|| .8214840]4.6017386|| .8386833]5. 1989843] 43 
44 | .8046244]4.1183461|| .8217702|4.6107345|| .838970315.2100359| 44 
45 | .8049097|4.1258309|| .8220565|4.6197599|| .8392574|5.2211275| 45 
46 | .8051950]4.1333381|| .8223427/4.6288148]| 839544515. 2322594 46 
47 | .8054803]4.1408677|| .8226290|4.6378995|| .8398317|5.2434316| 47 
48 | .8057656|4.1484199|| .8229153|4.6470140]| .8401188]5.2546446| 48 
49 | .8060510]4.1559948|| .8232016|4.6561584|| .8404060]5.2658984| 49 
50 |0.8063364|4.1635924||/0.8234879|4 .6653331||0.8406931|5.2771933| 50 
51 | .8066218]4.1712128]] .823774214.6745380|| .8409803|5.2885295| 51 
52 | .8069072|4.1788563|| .8240605]4.6837734|| 841267515. 2999073] 52 
53 | .8071926|4.1865228|| .8243469}4 .6930393|| /8415547|5.3113269| 53 
54 | .8074780|4.1942125|| .8246333|4.7023360|| |8418419|5.3227884| 54 
55 | .8077635|4.2019254|| .8249197]4.7116636|| .8421292|5. 3342923] 55 
56. | .8080490/4.2096618]| .8252061]4.7210223|| .842416415. 3458386] 56 
57 | .8083344|4.2174216]| .8254925]4.7304121|| .842703715.3574276| 57. 
58 | .8086199]4.2252050|| .8257789|4.7398333|| .8429909|5.3690595| 58 
59 | .8089055]4.2330121|| .8260654|4.7492861|| .8432782|5.3807347| 59 
60 10.809191014. 2408431 |I0. 82635181 4.7587705||0.843565515.3924532| 60 
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81° 82° 83° 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 

0 |0.8435655]5.3924532)|0. 8608269] 6. 1852965||0.8781307 |7 . 2055090 

1 - 8438528 /5.4042154|! .8611150/6.2001996]| .8784194|7. 2249952 

2 | .8441402)/5.4160216]| .8614030]6.2151653]| .8787081]|7 .2445748 

3 | .8444275|5.4278719]] .8616911]/6.2301940]| .8789969 |7 .2642485 

4 | .8447149|5.4397666]| .8619792|/6.2452859]|| .879285617 .2840171 

5 | .8450022/5.4517059)| .8622673]6.2604417|| .8795744|7 .3038812 

6 | .8452896/5.4636901]| .8625555|6.2756616|| .879863217.3238415 

7 | .8455770|5.4757195|| .8628436]|6.2909460|| .8801519|7.3438986 

8 | .8458644/5.4877944]|| .8631317|6.3062954|| .8804407|7.3640534 

9 -8461518]5.4999148]| .863419916.3217102|| .88072961]7.3843065 
10 |0.8464393]5.5120812]|/0.8637081]6.3371909||0. 881018417 .4046586 
11 | .8467267|5.5242938]| .8639962/6.3527377|| .8813072|7.4251105 
12 | .8470142)/5.5365528|| .8642844]6.3683512]! .8815960|7 .4456629 
13 | .8473016|5.5488586]| .8645726]6.3840318]] .8818849]7.4663165 
14 | .8475891|5.5612113]| .8648608]6.3997798]| .8821737 |7 .4870721 
15 | .8478766|5.5736112]| .865149116.4155959|| .8824626'7 . 5079304 
16 | .8481641]5.5860587|| .8654373]6.4314803]] .88275151]7 . 5288923 
17 | .8484516|5.5985540]| .8657256|6.4474335|| .8830404/7 . 5499584 
18 | .8487392|5.6110973]|| .8660138]6.4634560|| .8833293|7.5711295 
19 | .8490267|5.6236890]|| .866302116.4795482|| .8836182|7.5924065 
20 |0.8493143]5.6363293]|0.8665904/6 .4957106]10. 883907117 .6137901 
21 .8496019|5.6490184|| .8668787|6.5119437]| .8841960]7 .6352812 
22 | .8498894/5.6617568]|| .8671670|6.5282478]| .8844849|7 .6568805 
23 | .8501770/5.6745446|| .867455316.5446236|| .8847739|7.6785889 
24 | .8504647/5.6873822|| .8677436|6.5610713]| .8850628]7 .7004071 
25 | .8507523/5.7002699]|| .868031916.5775916|| .8853518]/7 .7223361 
26 | .8510399/5.7132079|| .8683203]6.5941849|| .885640817 .7443766 
27 | .8513276|5.7261965]| .8686087}6.6108516|| .885929817 .7665295 
28 | .8516152|/5.7392360|| .8688970|6.6275923]| .886218817 .7887957 
29 | .8519029/5.7523268]| .8691854]6.6444075|| .886507817.8111761 
30 |0.8521906/5.7654691]/0.8694738]6 .6612976]10. 886796817 . 8336715 
31 | .8524783|5.7786632]| .869762216.6782631]|] .887085817 . 8562828 
32 | .8527660}5.7919095]| .8700506|6.6953047|| .887374817 .8790109 
33 | .8530537/5.8052082]| .870339116.7124227|| .8876639|7 .9018567 
34 | .8533415/5.8185597|| .870627516.7296176|| .88795291/7 .9248211 
35 | .8536292/5.8319642|| .870915916.7468901]| .8882420]/7 .9479051 
36 | .8539170|5.8454222]| .871204416.7642406]| .88853111/7.9711095 
37 8542047 |5.8589338|| .8714929|6.7816697 || .888820117 .9944354 
38 | .8544925/5.8724995|| .8717814]6.7991778|| .8891092|8.0178837 
39 | .8547803]5.8861195]| .8720698/6.8167656|| .8893983|8.0414553 
40 |0.8550681)5.8997942]|0. 8723584 ]|6 .8344335|/0.889687418.0651512 
41 | .8553560/5.9135239|| .8726469]6.8521821]|} .8899766]8.0889725 
42 | .8556438/5.9273089]|| .8729354]/6.8700120]| .8902657/8.1129200 
43 | .8559316|5.9411496|| .8732239|6.8879238]| .8905548/8. 1369949 
44 | .856219515.9550464|| .87351251/6.9059179|| .8908440|8. 1611980 
45 | .8565074|5.9689994]!| .8738010|6.9239950]| .8911331/8. 1855305 
46 | .8567953|5.9830092]| .8740896|6.9421556|| .8914223/8 . 2099934 
47 | .8570832|5.9970760]| .8743782|6.9604003]| .8917115|8. 2345877 
48 | .8573711|6.0112001]|| .8746668/6.9787298]| .8920006/8.2593145 
49 | .8576590|6.0253820|| .8749554|6.9971445]| .8922898]8. 2841749 
50 |0.8579469|6.0396220]/0.8752440|7 .0156450]| 0. 892579018. 3091699 
51 | .8582349/6.0539205|| .8755326]7.0342321]|| .8928682/8.3343006 
52 | .8585228/6.9682777|| .875821217 .0529062]) .8931575/8. 3595682 
53 | .8588108/6.0826941]| .8761099/7.0716681]| .8934467]8. 3849738 
54 | .8590988/6.0971700|| .8763985]7 .0905182||] .893735918.4105184 
55 | .8593868/6.1117059|| .8766872;7.1094573|| .8940252/8. 4362033 
56 | .8596748)/6.1263019]| .8769759|7.1284860|| .8943144/8. 4620296 
57 | .8599628/6.1409587|| .8772645!7.1476048]|! .89460371/8.4879984 
58 | .8602508|6.1556764!| .8775532|7.1668145]|| .8948930/8.5141110 
59 | .8605388/6.1704556|| .8778419|7.1861157|| .8951822|8.5403686 
60 |0.860826916.1852965]||0.8781307 17 .20550901|0. 895471518. 5667722 
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256 TABLE XXIX.—NATURAL VERSED SINES 
84° 85° 86° ‘ 
Vers. Ex. sec. Vers. Ex. sec. Vers. Ex. sec. 

0 |0.8954715|8.5667722|/0.9128443|10.473713||0.9302435|13.335587| 0 
1 | .8957608|8.5933233]| .9131340/10.511990|| .9305337|13.395471] 1 
2 | .8960501]8.6200229|) .9134238/10.550523|| .9308239|13.455859| 2 
3 | .8963395/8.6468724|| .9137136/10.589316|| .9311141/13.516757| 3 
4 | .8966288|8.6738730|| .9140034|10.628372|| .9314043|13.578172| 4 
5 | .8969181/8.7010260|| .9142933|10.667693]| .9316945|13.640109| 5 
6 | .8972075|8.7283327|| .9145831|10.707282|| .9319847|13.702576| 6 
7 | .8974968]8.7557944|| .9148729|10.747141|| .9322749|13.765580| 7 
8 | .8977862]8.7834124|| .9151627]10.787274|| .9325651|13.829128] 8 
9 | .8980755]8.8111880|| .9154526|10.827683|| .9328554|13.893226| 9 
10 |0.8983649|8.8391227||0.9157424|10.868370||0.9331456|13.957882| 10 
11 | -8986543|8.8672176|| .9160323|10.909340|| .9334359]14.023103] 11 
12 | .8989437|8.8954744|| .9163222|10.950595|| .9337261|14.088896| 12 
13 | .8992331/8.9238943|| .9166120|10.992137|| .9340164]14.155270| 13 
14 | .8995225|8.9524787|| .9169019|11.033970|| .9343066|14.222231| 14 
15 | .8998119|8.9812291|) .9171918]11.076098]| .9345969|14. 289788] 15 
16 | .9001014] 9.010147|| .9174817|11.118522|| .9348871|14.357949| 16 
17 | .9003908] 9.039234|| .9177716]11.161246|| .9351774|14.426721| 17 
18 | .9006803] 9.068491]} .9180615|11.204274|| .9354677|14.496114| 18 
19 | .9009697| 9.097920]| .9183514|11.247608|| .9357580|14.566135] 19 
20 |0.9012592] 9.127522||0.9186413| 11.291252]|0.9360483| 14.636793| 20 
21 | .9015486] 9.157300]| .9189313|11.335210|| .9363386|14.708096| 21 
22 | .9018381] 9.187254]} .9192212|11.379484|| .9366289]14.780054| 22 
23 | .9021276| 9.217386|| .9195111|11.424078| .9369192|14.852676| 23 
24 | .9024171] 9.247697|] .9198011]11.468995|| .9372095|14.925971| 24 
25 | .9027066| 9.278190]|| .9200910}11.514240|| .9374998]14.999948] 25 
26 | .9029961] 9.308866]| .9203810|11.559815|| .9377901|15.074617| 26 
27 | .9032856] 9.339726|| .9206710|11.605724|| .9380804|15.149987| 27 
28 | .9035752] 9.370772|| .9209609|11.651971|| .9383708|15.226069| 28 
29 | .9038647| 9.402007|| .9212509|11.698560]| /9386611|15.302873| 29 
30 |0.9041542] 9.433431||0.9215409|11.745495||0.9389515|15.380408| 30 
31 | .9044438] 9.465046|| .9218309]11.792779|| .9392418|15.458686| 31 
32 | .9047334| 9.496854|| .9221209]11.840416|| .9395322|15.537717| 32 
33 | .9050229| 9.528857|| .9224109]11.888410|| .9398225|15.617512| 33 
34 | .9053125] 9.561057|| .9227009]11.936765|| .9401129|15.698082| 34 
35 | .9056021] 9.593455|| .9229909|11.985486|| .9404033|15.779439| 35 
36 | .9058917] 9.626054|| .0232810]12.034576|| /9406936|15.861594| 36 
37 | .9061813| 9.658854|| .9235710]12.084040|| .9409840|15.944559| 37 
38 | .9064709| 9.691859|| .9238610]12.133882|| .9412744|16.028346| 38 
39 | .9067605| 9.725070|| .9241511]12.184106|| .9415648|16.112966| 39 
40 |0.9070501| 9.758488||0.9244411/12.234717||0.9418552|16.198434| 40 
41 | .9073398| 9.792117|| .9247312|12.285719|| .9421456|16.284761| 41 
42 | .9076294| 9.825957|| .9250213|12.337116|| .9424360|16.371960] 42 
43 | .9079191} 9.860011|| .9253113|12.388914|| .9427264|16.460046| 43 
44 | .9082087] 9.894281|| .9256014|12.441118|| .9430168|16.549030| 44 
45 | .9084984| 9.928768|| .9258915]12.493731|| .9433072|16.638928| 45 
46 | .9087881| 9.963476|| .9261816|12.546758|| .9435976|16.729753| 46 
47 | .9090777| 9.998406]| .9264717]12.600205|| .9438881|16.821520| 47 
48 | .9093674|10.033560|| .9267618|12.654077|| .9441785|16.914243| 48° 
49 | .9096571|10.068940]| .9270519]12.708379|| .9444689|17.007937| 49° 
50 |0.9099468| 10. 104549||0.9273420]12.763115||0.9447594|17.102619| 50. 
51 | .9102365/10.140389|| .9276322]12.818291|| .9450498/17.198303] 51. 
52 | .9105262]10.176462|| .9279223]12.873913|| .9453403|17.295005| 52. 
53 | .9108160|10.212770|| .9282124]12.929985|| .9456307|17.392742| 53° 
54 | .9111057|10.249316|| .9285026|12.986514|| .9459212117.491530| 54 | 
55 | .9113954/10.286101|| .9287927]13.043504|| .9462117|17.591387| 55. 
56 | .9116852|10.323129|| .9290829]13.100963|| .9465021|17.692330| 56. 
57 | .9119749|10.360402/] .9293730)13.158894|| .9467926|17.794377] 57 | 
58 | .9122647/10.397922|| .9296632]13.217304|| .9470831|17.897545] 58 
59 | .9125545|10.435692|| .9299533/13.276200|| .9473736|18.001854| 59. 
60 10.9128443110. 473713110.9302435113.335587 1109476640] 18. 107323] 60 





AND. EXTERNAL SECANTS 





i 87° 88° 
Vers. Ex. sec. Vers. Ex. sec. 
0 /0.9476640]18.107323]/0.9651005| 27 .653708 
1 .9479545|18.213970]| .9653912] 27 .894398 
2] .9482450}18.321816}|| .9656819|28.139169 
3 | .9485355)18.430882!| .9659726|28.388124 
4 | .9488260]18.541187]| .9662634]28.641373 
5 | .9491165118.652754!| .9665541]28.899026 
6 | .9494071]18.765604|| .9668448]29.161201 
7 | .9496976|18.879758]| .9671356]29.428017 
8 | .9499881]18.995241]| .9674263}29.699598 
9 | .9502786|19.112075|| .9677170}29.976074 
10 |0.9505692|19 .230284]/0.9680078] 30. 257577 
iyi .9508597|19.349893]| .9682985]30. 544246 
12 | .9511502|19.470926]| .9685892]30.836225 
13 | .9514408/19.593409]| .9688800]31.133663 
14 | .9517313]19.717368]| .9691707)31.436713 
15 | .9520219|19.842830]| .9694615]31.745537 
16 | .9523124|19.969824|| .9697522|32.060300 
17 - 9526030] 20.098376|| .9700430)32.381176 
18 | .9528935]20.228515!| .9703338]32.708345 
19 | .9531841}20.360272|| .9706245|33.041994 
20 |0.9534747 | 20.493676)|0.9709153|33.382316 
21 | .9537653)20.628759|| .9712060/33.729515 
22 | .9540558}20.765553|| .9714968/34.083800 
23 | .9543464!20.904090]| .9717876|34.445391 
24 -9546370|21.044403]| .9720784|34.814517 
25 | .9549276/21.186528]| .9723691/35.191414 
26 | .9552182)21.330499|| .9726599/35.576332 
27 -9555088 | 21.476353|| .9729507|35.969528 
28 . 9557994 |21.624126]| .9732415|36.371273 
29 | .9560900|21.773857]|| .9735323|36.781849 
30 |0.9563806 | 21 .925586]|0.9738231 | 37 .201550 
31 .9566712)|22.079351}| .9741138]37.630683 
32 | .9569618]22.235196]| .9744046]38.069571 
33 | .9572525)22.393161]| .9746954|38.518549 
34 | .9575431)22.553291|| .9749862|38.977969 
35 | .9578337|22.715630]| .9752770|39.448201 


26 | .9581243 
37 | .9584150 
38 | .9587056 
39 | .9589963 
40 |0.9592869 
41 | .9595776 
42 | .9598682 
43 | .9601589 
44 | .9604495 
45 | .9607402 
46 | .9610308 
47 | .9613215 
48 | .9616122 
49 | .9619029 
50 |0.9621935 
51 | .9624842 
52 | .9627749 
53 | .9630656 
54 | .9633563 
55 | .9636470 
56 | .9639377 
57 | .9642284 
58 | .9645191 
59 | .9648098 


60 10.9651005 


-880224|| .9755678) 39. 
-047121]| .9758586] 40. 
-216370|| .9761494/40. 
-388020]| .9764402/41. 
-562123|/0.9767310)41. 


-738731|| .9770219}42. 
-917900]| .9773127|43. 
.099685]| .9776035]43. 
- 284144|| .9778943]44. 
-471337|| .9781851}44. 
-661324}| .9784759]45. 
-854169|| .9787668/46. 
-049937]} .9790576/46. 
-248694]| .9793484]47. 
-450510}/0.9796392)}48. 


-655455}| .9799301/48. 
.863603]| .9802209)]49. 
.075030]| .9805117]50. 
-289814}| .9808026/51. 
-508035}| .9810934]51. 
.729777|| .9813842}52. 
-955125)| .9816751|53. 
-184168]} .9819659]54. 
-416997|] .9822568]55. 
- 653708110. 9825476156. 





929630 
422660 
927717 
445245 
975713 


519612 
077458 
649795 
237195 
840260 
459625 
095961 
749974 
422411 
114062 


825762 
558396 
312902 
090272 
891564 
717896 
570464 
450534 
359462 
298688 

















257 


89° 





Vers. 


0.9825476 


- 9828384 
- 9831293 
- 9834201 
- 9837110 
-9840018 
- 9842927 
- 9845835 
- 9848744 
-9851652 
0.9854561 


- 9857470 
- 9860378 
- 9863287 
- 9866195 
- 9869104 
- 9872013 
- 9874921 
- 9877830 
- 9880739 
0.9883647 


- 9886556 
- 9889465 
- 9892373 
- 9895282 
- 9898191 
-9901100 
- 9904008 
-9906917 
- 9909826 
0.9912735 


-9915643 
-9918552 
-9921461 
- 9924370 
-9927279 
- 9930187 
-9933096 
- 9936005 
-9938914 
0,9941823 


- 9944732 
-9947640 
- 9950549 
-99534538 
-9956367 
- 9959276 
-9962185 
- 9965093 
- 9968002 
0.9970911 


.9973820 
-9976729 
- 9979638 
- 9982547 
- 9985456 
- 9988364 
-9991273 
.9994182 
-9997091 
1.0000000 


Ex. sec. 


56 . 298688 
57 .269755 
58 . 274308 
59.314110 
60. 891050 
61. 507153 
62.664595 
63. 865716 
65.113036 
66 . 409272 
67 .757360 


69 . 160474 
70 .622052 
72.145827 
73 .735856 
75.396554 
77 132742 
78 .949684 
80. 853150 
82.849470 
84 .945609 


87 .149244 
89 .468863 
91.913869 
94.494711 
97 . 223033 
100.11185 
103.17574 
106 .43114 
109 .89656 
113.59301 


117.54440 
121.77803 
126 .32526 
131.22229 
136.51108 
142.24061 
148. 46837 
155. 26228 
162.70325 
170.88831 


179 .93496 
189 .98680 
201.22122 
213.85995 
228.18385 
244 55402 
263.44269 
285 .47948 
311.52297 
342.77516 


380 .97230 
428.71873 
490.10702 
571.95809 
686. 54960 
858 . 43689 
1144.9157 
1717. 8735 
3436. 7468 
Infinite 
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cmrouncrno| = 


TABLE XXIXA.—NATURAL SECANTS 


X 


NATURAL SECANTS 





0° 


- 0000000 
- 0000000 
- 0000002 
- 0000004 
- 0000007 
- 0000011 
-0000015 
-0000021 
- 0000027 
-0000034 
- 0000042 


-0000051 
-0000061 
.0000072 
- 0000083 
- 0000095 
- 0000108 
-0000122 
.0000137 
- 0000153 
- 0000169 


- 0000187 
- 0000205 
- 0000224 
- 0000244 
- 0000264 
- 0000286 
- 0000308 
-0000332 
-0000356 
-0000381 


.0000407 
- 0000433 
- 0000461 
- 0000489 
- 0000518 
-0000548 
- 0000579 
-0000611 
- 0000644 
- 0000677 


-0000711 
-0000746 
- 0000782 
-0000819 
-0000857 









-0000895 
-0000935 
-0000975 
-0001016 
- 0001058 


-0001101 
.0001144 
-0001189 
-0001234 
-0001280 
- 0001327 
- 0001375 
- 0001423 
-0001473 

-0001523 


89° 


DRA Fk reek prt pk fk pr frat frmh rk fk fre fk fh fh fh fk pd fomh fo pk fr prmh fh fh red fod fomh fh fmeh mh fh reek feed fe fh ph ome fod foaeh ped feeh fk pond fh fee pd Dt tt et et et pe ee 








1 
tk 
che 
1. 
i 
Vy. 
Ie 
Ie 
1 
1a 


Te 


te 
i 
vee 
Les 
Le 
1s 
L. 
1. 
Ve 
1. 


Mie 
iL: 
Tis 
A’; 
L: 
ie 
Ne 
L. 
Le 
I: 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
sf 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
ube 
iy 
is 


se 





0001523 
0001574 
0001627 
0001679 
0001733 
0001788 
0001843 
0001900 
0001957 
0002015 
0002073 


0002133 
0002194 
0002255 
0002317 
0002380 
0002444 
0002509 
0002575 
0002641 
0002708 


0002776 
0002845 
0002915 
0002986 
0003058 
0003130 
0003203 
0003277 
0003352 
0003428 


-0003505 
-0003582 
-0003660 
- 0003739 
- 0003820 
- 0003900 
- 0003982 
- 0004065 
-0004148 
- 0004232 


.0004317 
.0004403 
.0004490 
-0004578 
.0004666 


0004756 


- 0004846 
.0004937 
- 0005029 
-0005121 


.0005215 
. 0005309 
- 0005405 
-0005501 
- 0005598 
- 0005696 
- 0005794 


0005894 
0005994 


0006095 


88° 





1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
he 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
nie 
1. 
Le 
1. 
1 
Ts 


2° 


- 0006095 
-0006198 
- 0006300 
-0006404 
-0006509 
-0006614 
-0006721 
- 0006828 
- 0006936 
-0007045 
-0007154 


-0007265 
-0007376 
-0007489 
- 0007602 
. 0007716 
- 0007830 
- 0007946 
- 0008063 
-0008180 
- 0008298 


.0008417 
-0008537 
- 0008658 
- 0008779 
- 0008902 
- 0009025 
-0009149 
-0009274 
-0009400 
-0009527 


0009654 


-0009783 
- 0009912 
-0010042 
-0010173 
-0010305 
-0010438 
-0010571 
-0010705 
-0010841 


-0010977 
-0011114 
-0011251 
-0011390 
-0011529 
-0011670 
-0011811 
-0011953 
-0012096 
-0012239 


-0012384 
- 0012529 
- 0012676 


0012823 
0012971 
0013120 
0013269 
0013420 
0013571 


0013723 


87° 








1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
iG 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Li 
1 
1 
1 
1 
1 
1 
ie 
1 











a a SSFSSSSSSSSSSSSSSSSSSSSSsSSSSSSSSSSSS 





NATURAL COSECANTS 


3° 4° 5° 
0013723) 1.0024419/1.0038198)] 60 
-0013877|1.0024623)1.0038454| 59 
.0014030/1.0024829]1.0038711] 58 
.0014185/1.0025035]1.0038969| 57 
-0014341)1.0025241}1.0039227| 56 
-0014497}1.0025449}1.0039486} 55 
.0014655]1.0025658]1.0039747| 54 
-0014813)1.0025867}1.0040008} 53 
-0014972]1 .0026078]1.0040270} 52 
-0015132|1.0026289/1.0040533] 51 
-0015293)1.0026501/1.0040796} 50 
.0015454]1.0026714/1.0041061] 49 
.0015617|1.0026928]1.0041326| 48 
-0015780}1.0027142/1.0041592| 47 
.0015944/1.0027358]1.0041859] 46 
-0016109]1.0027574|1.0042127| 45 
-0016275|1.0027791]1.0042396| 44 
.0016442]/1.0028009}1.0042666] 43 
- 0016609] 1.0028228]1.0042937| 42 
- 0016778} 1.0028448]1.0043208} 41 
.0016947|1.0028669}1.0043480} 40 
.0017117]1.0028890}1.0043753} 39 
.0017288}1.0029112]1.0044028} 38 
-0017460]|1.0029336/1.0044302] 37 
-0017633)|1.0029560]1.0044578] 36 
- 0017806] 1 .0029785}1.0044855) 35 
.0017981}1.0030010}1.0045132] 34 
-0018156|1.0030237]1.0045411] 33 
.0018332/1.0030464/1.0045690] 32 
-0018509}1.0030693]1.0045970| 31 
0018687 |1.0030922)1.0046251] 30 
-0018866}1.0031152]1.0046533) 29 
-0019045)1.0031383]1.0046815} 28 
-0019225]1.0031615}1.0047099| 27 
-0019407]1.0031847|1.0047383] 26 
- 0019589] 1.0032081]1.0047669] 25 
-0019772|1.0032315]1.0047955| 24 
-0019956}1.0032551]1.0048242) 23 
-0020140]1.0032787]1.0048530] 22 
- 0020326) 1.0033024/1.0048819} 21 
-0020512)1.0033261]1.0049108] 20 
-0020699|1.0033500}1.0049399] 19 
-0020887 |1.0033740]1.0049690] 18 
.0021076/1.0033980}1.0049982| 17 
.0021266/1.0034221]1.0050275] 16 
.0021457]1.0034463]1.0050569] 15 
.0021648]1.0034706]1.0050864| 14 
-0021841}1.0034950}1.0051160] 13 
-0022034]1.0035195}1.0051456] 12 
.0022228]1.0035440}1.0051754} 11 
-0022423]1.0035687]1.0052052] 10 
-0022619]1.0035934/1.0052351] 9 
.0022815/1.0036182]1.0052651} 8 
-0023013]1.0036431]1.0052952] 7 
.0023211]1.0036681}1.0053254| 6 
-0023410]1.0036932]1.0053557| 5 
-0023610]1.0037183]1.0053860] 4 
.0023811]1.0037436]1.0054164} 3 
-0024013]1.0037689]1.0054470] 2 
0024216/1.0037943]1.0054776| 1 
0024419}1.0038198]1.0055083} 0 
86° 85° 84° 


~ 


AND COSECANTS 
NATURAL SECANTS 


-0055083 
-0055391 
- 0055699 
. 0056009 
-0056319 
-0056631 
-0056943 
- 0057256 
-0057570 
-0057885 
+ 0058200 


-0058517 
- 00583834 
- 0059153 
- 0059472 
-0059792 
-0060113 
- 0060435 
- 0060757 
- 0061081 
- 0061405 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
a 
ik 
1 
1 
1 
1 
1.0061731 
1.0062057 
1.0062384 
1.0062712 
1.0063040 
1.0063370 
1.0063701 
1.0064032 
1.0064364 
1.0064697 
1.0065031 
1.0065366 
1.0065702 
1.0066039 
1.0066376 
1.00667 14 
1.0067054 
1.0067394 
1.0067735 
1.0068077 
1 
1 
1 
1 
1 
il 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


.0068419 
. 0068763 
- 0069108 
- 0069453 
- 0069799 
- 0070146 
- 0070494 
- 0070843 
-0071193 
-0071544 


.0071895 
.0072248 
.0072601 
-0072955 
- 0073310 
- 0073666 
.0074023 
.0074380 
-0074739 


- 0075098 


83° 








-0075098 
.0075459 
-0075820 
.0076182 
-0076545 
.0076908 
-0077273 
. 0077639 
.0078005 
- 0078372 
.0078741 


.0079110 
.0079480 
.0079851 
- 0080222 
- 0080595 
- 0080968 
- 0081343 
-0081718 
- 0082094 
- 0082471 


- 0082849 
- 0083228 
- 0083607 
- 0083988 
. 0084369 
-0084752 
-0085135 
-0085519 
. 0085904 
- 0086290 


.0086676 
- 0087064 
- 0087452 
- 0087842 
. 0088232 
- 0088623 
- 0089015 
. 0089408 
. 0089802 
- 0090196 


.0090592 
. 0090988 
-0091386 
.0091784 
- 0092183 
- 0092583 
- 0092984 
.0093386 
.0093788 
-0094192 


.0094596 
. 0095001 
.0095408 
-0095815 
. 0096223 
.0096631 
.0097041 
.0097452 
.0097863 

.0098276 


82° 





.0098276 
. 0098689 
-0099103 
-0099518 
. 0099934 
.0100351 
.0100769 
-0101187 
.0101607 
-0102027 
.0102449 


-0102871 
-0103294 
.0103718 
-0104143 
-0104568 
-0104995 
-0105422 
-0105851 
-0106280 
- 0106710 


.0107141 
-0107573 
- 0108006 
-0108440 
-0108875 
-0109310 
.0109747 
.0110184 
.0110622 
-0111061 


.0111501 
-0111942 
-0112384 
.0112827 
-0113270 
-0113715 
-0114160 
.0114606 
.0115054 
.0115502 


-0115951 
-0116400 
-0116851 
-0117303 
-0117755 
- 0118209 
-0118663 
-0119118 
.0119575 
-0120032 


.0120489 
-0120948 
.0121408 
.0121869 
.0122330 
.0122793 
.0123256 
.0123720 
-0124185 

.0124651 


81° 








-0124651 
-0125118 
-0125586 
.0126055 
-0126524 
-0126995 
.0127466 
- 0127939 
.0128412 
.0128886 
-0129361 


-0129837' 
-0130314 
.0130791 
-0131270 
-0131750 
-0132230 
-0132711 
-0133194 
-0133677 
-0134161 


-0134646 
.0135132 
-0135618 
-0136106 
-0136595 
- 0137084 
-0137574 
- 0138066 
- 0138558 
-0139051 


-0139545 
-0140040 
-0140536 
-0141032 
-0141530 
.0142029 
-0142528 
.0143028 
.0143530 
-0144032 


.0144535 
-0145039 
.0145544 
- 0146050 
- 0146556 
-0147064 
.0147572 
-0148082 
.0148592 
-0149103 


.0149616 
-0150129 
-0150643 
.0151158 
-0151673 
.0152190 
-0152708 
-0153226 
.0153746 

.0154266 


80° 





-0154266}1 
.0154787/1 
-0155310}1 
-0155833}1 
-0156357}1 
-0156882)1 
-0157408)}1 
-0157934|1 
-0158462)1 
-0158991}1 
-0159520)1. 
.0160050)1 
.0160582}1 
.0161114/1 
.0161647}1 
.0162181}1 
.0162716}1 
.0163252/1 
.0163789}1 
.0164327/1 
-0164865}1 
1 


0165405 
-0165946!1. 
016648711. 
-0167029]1. 
0167573]. 
0168117]1. 
0168662] 1. 
,0169208}1. 
0169755] 1. 
0170303] 1. 


.0170851}1. 
-0171401}1. 
.0171952)/1. 
.0172503}1. 
.0173056)1. 
-0173609]1. 
.0174163}1. 
.0174719)1. 
.0175275)1. 
-0175832)1. 


.0176390]1. 
.0176949)1. 
.0177509]1. 
.0178069 
.0178631 
.0179194 
.0179757 
-0180321 
.0180887 
-0181453 


1 
1 
1 
1 
1 
1 
1 
.0182020)1 
-0182583}1. 
.0183158/1 
.0183728]}1 
.0184298)1 
- 01848701 
.0185443]1 
.0186017}1 
-0186591)1 
.0187167}1 








79° 


. 0187167 
- 0187743 
-0188321 
- 0188899 
-0189478 
-0190059 
-0190640 
-0191222 
-0191805 
-0192389 


0192973 


-0193559 
-0194146 
-0194734 
-0195322 
-0195912 
-0196502 
.0197093 
- 0197686 
.0198279 
-0198873 


.0199468 


0200064 
0200661 
0201259 
0201858 
0202457 
0203058 
0203660 
0204262 
0204866 


0205470 
0206075 
0206682 
0207289 
0207897 
0208506 
0209116 
0209727 
0210339 
0210952 


0211566 
0212180 
0212796 


-0213413 
- 0214030 
- 0214649 
- 0215268 
.0215888 
-0216510 
.0217132 


.0217755 


0218379 


.0219004 
.0219630 
.0220257 
.0220885 
.0221514 
.0222144 
-0222774 

.0223406 


78° 





NATURA? COSECANTS 
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TABLE XXIXA.—NATURAL SECANTS 


\ 


NATURAL SECANTS 


a ~~ 


10 


.0223406)1.0263041 
-0224039|1.0263731 
-0224672)1.0264421 
.0225307]1.0265113 
.0225942/1.0265806 
-0226578}1.0266499 
.0227216]1.0267194 
-0227854}1.0267889 
.0228493}1.0268586 
.0229133)1.0269283 
.0229774|1.0269982 


.0230416}1.0270681 
.0231059]1.0271381 
.0231703}1.0272082 
.0232348]1.0272785 
-0232994/1.0273488 
.0233641}1.0274192 
-0234288]1.0274897 
.0234937]1.0275603 
.0235587/1.0276310 
.0236237|1.0277018 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.0236889]1.0277727 
1.0237541]1.0278437 
1.0238195]1.0279148 
1.0238849]1.0279860 
1.0239504]1.0280573 
1.0240161/1.0281287 
1.0240818]1 .0282002 
1.0241476]1.0282717 
1.0242135/1.0283434 
1.0242795/1.0284152 
1,0243456]1.0284871 
1.0244118}1.0285590 
1.0244781/1.0286311 
1.0245445/1. 0287033 
1.0246110}1.0287755 
1.0246776]1.0288479 
1.0247442/1.0289203 
1.0248110]1.0289929 
1.0248779]1.0290655 
1.0249448/1.0291383 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
a 
1 


-0250119/1.0292111 
.0250790]1 .0292840 
-0251463]1.0293571 
.0252136}1.0294302 
-0252811)}1.0295034 
-0253486]1.0295768 
-0254162}1.0296502 
-0254839]1.0297237 
-0255518}1.0297973 
.0256197/1.0298711 


.0256877/1.0299449 
.0257558]1.0300188 
.0258240}1.0800928 
.0258923]1.0301669 
-0259607/1 .0302411 
-0260292)1 .0303154 
-0260978]1 .0303898 
-0261665/1 .0304643 
.0262352}1 .0305389 
.0263041}1.0306136 


.0306136 
- 0306884 
-0307633 
-0308383 
-0309134 
-0309886 
-0310639 
-0311393 
.0312147 
.0312903 
-0313660 


.0314418 
-0315177 
-0315936 
-0316697 
-0317459 
-0318222 
- 0318985 
-0319750 
- 0320516 
-0321282 


- 0322050 
- 0322818 
- 0323588 
- 0324359 
- 0325130 
-0325903 
.0326676 
-0327451 
-0328227 
-0329003 


.0329781 
-0330559 
-0331339 
-0332119 
- 0332901 
-0333683 
-0334467 
-0335251 
.0336037 
-0336823 


-0337611 
-0338399 
-0339188 
-0339979 
-0340770 
-0341563 
-0342356 
-0343151 
-0343946 
- 0344743 


-0345540 
- 0346338 
-0347138 
-0347938 
-0348740 
- 0349542 
- 0350346 
-0351150 
-0351955 
- 0352762 


-0352762 
-0353569 
-0354378 
-0355187 
-0355998 
- 0356809 
-0357621 
-0358435 
-0359249 
- 0360065 
-0360881 


-0361699 
- 0362517 
- 0363337 
-0364157 
- 0364979 
-0365801 
- 0366625 
-0367449 
- 0368275 
-0369101 


.0369929 
-0370757 
-0371587 
- 0372417 
-0373249 
-0374082 
-0374915 
-0375750 
-0376585 
-0377422 


-0378260 
-0379098 
-0379938 
-0380779 
.0381621 
-0382463 
-0383307 
- 0384152 
-0384998 
- 0385844 


- 0386692 
-0387541 
- 0388391 
- 0389242 
- 0390094 
- 0390947 
- 0391800 
- 0392655 
-0393511 
- 0394368 


- 0395226 
-0396085 
.0396945 
- 0397806 
-0398669 
- 0399532 
- 0400396 
-0401261 
- 0402127 
.0402994 


74° 











-0402994 
-0403863 
-0404732 
- 0405602 
- 0406473 
.0407346 
-0408219 
-0409094 
-0409969 
.0410845 
.0411723 


. 0412601 
-0413481 
-0414362 
- 0415243 
- 0416126 
-0417009 
-0417894 
- 0418780 
- 0419667 
- 0420554 


- 0421443 
- 0422333 
- 0423224 
-0424116 
- 0425009 
- 0425903 
-0426798 
- 0427694 
-0428591 
-0429489 


-0430388 
-0431289 
- 0432190 
-0433092 
- 0433995 
- 0434900 
-0435805 
- 0436712 
-0437619 
-0438528 


-0439437 
-0440348 
-0441259 
- 0442172 
- 0443086 
- 0444001 
-0444917 
- 0445833 
- 0446751 
.0447670 


-0448590 
-0449511 
- 0450433 
-0451357 
- 0452281 
- 0453206 
-0454132 
- 0455060 
-0455988 

-0456918 


73° 








-0456918 
-0457848 
-0458780 
.0459712 
- 0460646 
-0461581 
- 0462516 
-0463453 
-0464391 
.0465330 
- 0466270 


-0467211 
-0468153 
- 0469096 
- 0470040 
. 0470986 
- 0471932 
- 0472879 
- 0473828 
-0474777 
- 0475728 


.0476679 
-0477632 
-0478586 
- 0479540 
- 0480496 
-0481453 
-0482411 
-0483370 
.0484330 
- 0485291 


-0486253 
-0487217 
.0488181 
- 0489146 
-0490113 
- 0491080 
-0492049 
-0493019 
- 0493989 
- 0494961 


-0495934 
- 0496908 
- 0497883 
-0498859 
- 0499836 
-0500815 
-0501794 
-0502774 
- 0503756 
-0504738 


-0505722 
-0506706 
- 0507692 
- 0508679 
- 0509667 
-0510656 
-0511646 
- 0512637 
- 0513629 

-0514622 


72° 


oon 


NATURAL COSECANTS 


SCRNWROAON 


| 
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NATURAL SECANTS 



































Po neers th ca eS 
18° 19° 20° ort eg° 23° 4 
0 |1.0514622|1.0576207/1.0641778]1.0711450]1.0785347|1.0863604 60 
1 |1.0515617|1.0577267/1.0642905|1.0712647|1.0786616|1.0864946 59 
2 11.0516612)1.0578328]1 .0644033]1.07138441!1.0787885]1.0866289 58 
3 |1.0517608]1.0579390]1.0645163}1.0715043]1.0789156|1.0867634 57 
4 |/1.0518606]1.0580453}1.0646294]1.0716244]|1.0790427/1.0868979 56 
5 {1.0519605]1.0581517]1.06474251]1.071744511.0791700 1.0870326) 55 
6 }1.0520604]1.0582583]1.0648558] 1 .0718647|1.0792975|1.0871675 54 
7 |1.0521605|1.0583649]1.0649693|1.0719851|1.0794250 1.0873024] 53 
8 |1.0522607|1.0584717}1.0650828]1 .0721056]1.0795527 1.0874375] 52 
9 |1.0523610)1.0585786|1.0651964|1.0722262]1.0796805/1.0875727 51 
10 |1.0524614/1 .0586855]1.0653102|1.07234691|1.0798084 1.0877080] 50 
11 |1.0525619|1.0587926]1.0654240]1.0724678]1.0799364|1.0878435 49 
12 |1.0526625]1.0588999]1.0655380]1.0725887|1.0800646|1.0879791| 48 
13 |1.0527633}1.0590072]1.0656521]|1.0727098]1.0801928}1.0881148] 47 
14 |1.0528641|1.0591146]1.0657663]|1.0728310]1.0803212!1.0882506 46 
15 |1.0529651]1.0592221/1 .0658807|1.0729523|1.080449711.0883866| 45 
16 |1.0530661|1.0593298]1.0659951]1.0730737|1.080578411.0885226 44 
17 |1.0531673]1.0594376]1.0661097]|1.0731953|1.080707111.0886589 43 
18 |1.0532686|1.0595454|1.0662243]1.0733170/1.0808360/1.0887952 42 
19 |1.0533699]1.0596534]1.0663391)1.0734388]1.0809650|1.0889317} 41 
20 |1.0534714|1.0597615]1.0664540/1.0735607 |1.0810942|1.0890682| 40 
21 |1.0535730|1.0598697/1.0865690/1 .0736827 | 1.0812234]1.0892050| 39 
22 |1.0536747|1.0599781}1 . 0666842] 1.0738048]1.0813528]1.0893418] 38 
23 |1.0537765}1.0600865]1.066799411 .0739271|1.0814823]1.0894788] 37 
24 |1.0538785)1.0601951}1.0669148)1.0740495|1.0816119]1.0896159| 36 
25 |1.0539805]1.0603037)1.0670302]|1.0741720|1.0817417|1.0897531| 35 
26 |1.0540826]1.0604125]1.0671458]1.0742946]1.0818715]1.0898904] 34 
27 |1.0541849|1.0605214]1.0672615|1.0744173]1.0820015|1.0900279] 33 
28 |1.0542873|1.0606304|1.0673774|1.0745402|1.0821316|1.0901655| 32 
29 |1.0543897|1.0607395]1.0674933]|1.0746631|1.0822618]1.0903032| 31 
30 |1.0544923)1.0608487 |1.0676094/1.0747862|1.0823922|1.0904411| 30 
31 11.0545950}1.0609580]1.0677255|1.0749095]|1.0825227/1.0905791| 29 
32 |1.0546978]1.0610675|1.0678418)1.0750328)|1.0826533]|1.0907172| 28 
33 |1.0548007|1.0611770]1.0679582]1.0751562|1.0827840]1.0908554| 27 
34 |1.0549037|1.0612867|1.0680747 |1.0752798]1.0829149}1.0909938] 26 
35 |1.0550068}1.0613965]1.0681914/1.0754035]1.0830458]1.0911323] 25 
36 |1.0551101]1.0615064/1.0683081]1.0755273|1.0831769]1.0912709] 24 
37 |1.0552134|1.0616164]1.0684250]1.0756512]1.0833081]1.0914097] 23 
38 |1.0553169|1.0617265]1.0685420]1.0757753|1.0834395|1.0915485| 22 
39 |1,0554204|1.0618367]1.0686591]1.0758995]|1.0835709|1.0916876] 21 
40 |1.0555241)1.0619471]1.0687763]1.0760237 |1.0837025|1.0918267] 20 
41 |1.0556279|1.0620575]1.0688936]1.0761481]1.0838342/1.0919659] 19 
42 |1.0557318|1.0621681]1.0690110]1.0762727 |1.0839661]1.0921053] 18 
43 |1.0558358]1.0622788]1.0691286]1.0763973)|1.0840980]1.0922448] 17 
44 |1.0559399]1.0623896/1.0692463|1.0765221|1.0842301/1.0923845] 16 
45 |1.0560441|1.0625005]1.0693641/1.0766470|1.0843623|1.0925243] 15 
46 |1.0561485]1.0626115]1.0694820|1.0767720|1.0844947]1.0926642] 14 
47 |1.0562529|1.0627227/1.0696000]1.0768971]1.0846271]1.0928042] 13 
48 |1.0563575]1.0628339]|1.0697182]1.0770224]1.0847597/1.0929444] 12 
49 |1.0564621]1.0629453]1.0698364]1.0771477|1.0848924/]1.0930846} 11 
50 |1.0565669|1.0630568]1.0699548]1.0772732]1.0850252]1.0932251] 10 
51 |1.0566718]1.0631684]1.0700733/1.0773988]1.085158211.0933656] 9 
52 |1.0567768]1.0632801/1.0701919]1.0775246]|1.0852913]1.0935063} 8 
53 |1.0568819|1.0633919]1.0703106]1.0776504]1.0854245]/1.0986471| 7 
54 |1.0569871]1.0635038]1.0704295]1.0777764|1.0855578]1.0937880| 6 
55 |1.0570924/1.0636158]|1.0705484/1.0779025]1.0856912]1.0939291] 5 
56 |1.0571978]1.0637280]1.0706675/1.0780287 |1.0858248|1.0940702] 4 
57 |1.0573034]|1.0638403]1.0707867|1.0781550]1.0859585|1.0942116] 3 
58 |1.0574090]|1.0639527|1.0709060/1.0782815]|1.0860924|1.0943530}] 2 
59 |11.0575148]1.0640652]1.0710254|1.0784080]1.0862263/1.0944946] 1 
60 |1.0576207|1.0641778)|1.0711450]1.0785347 |1.0863604]1.0946363] 0 
719 70° 69° 68° 67° 66° 
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——_——_—_____-??Re_er—wmrowowowoaa SS ee 
Cc ire — — 





-1018879)}1. 


- 1020363)1,. 
- 1021849/1. 
- 1023335)1. 
-1026313)}1. 
- 1027803}1. 


-1029295)1. 
-1030789]1. 


-1033779|1 
65° 





- 1065506 


acre 
. 1080823 


.1017397/1. 


- 10248231. 


- 1032283}1. 
- 1126019 


NATURAL SECANTS 


25° 





Se 1 


“103875 Be 


:1063981 


- 1094726 
- 1096277 


1122865 
1124442 


64° 


NATURAL COSECANTS 


“1141874 
1143467 


- 1185383 
- 1187014 
- 1188647 
- 1190281 


- 1191916 
- 1193553 
- 1195191 
- 1196831 
1198472 
- 1200115 
- 1201759 


-1216620}1. 
-1218278)1. 
- 1219938] 1. 
-1221600}1. 

. 1223262}1. 


- 1127599 





1203405 


63° 


















27° 28° 39° 
.1223262/1.1825701/1, 1483541 
- 1224927 /1. 1827453}1. 1435385 
. 1226592]1. 1829207]1. 1487231 
. 1228259] 1. 1830962} 1. 1489078 
- 1229928)1. 1332719) 1. 1440927 
- 1291598] 1. 1384478] 1. 1449778 
- 1233269} 1, 1836238} 1. 14446380 
- 1284942/1. 1887999) 1. 1446484 
- 1236616) 1. 1889762) 1. 1448339 
.1238292]1.1341527/1. 1450196 
- 1299969 /1.1348293}1. 1452055 
- 1241648) 1. 1845060/1, 1453915 
1243328] 1. 1846829) 1. 1455776 
1245010} 1. 1848600) 1. 1457639 
1246693) 1. 13503872) 1. 1459504 
1248377) 1. 1352146} 1.146187 
1250063} 1.1353921]1. 1468288 
1251750}1. 1355697} 1. 1465108 
1253439} 1. 1857476} 1. 1466979 
1255130/1. 1359255} 1. 1468852 
- 1256821) 1. 1361036} 1. 1470726 
- 1258514) 1. 1862819] 1. 1472602 
1260209} 1. 1364603) 1. 1474479 
1261905} 1. 1866389] L. 1476358 
1263603) 1. 1868176] 1. 1478239 
1265302} 1. 1369965] 1. 1480121 
1267003) 1. 1871755} 1. 1482005 
- 1268705] 1. 1873547] 1. 1483890 
- 1270408] 1. 1875341)1. 1485777 
-1272113}1. 1877185] 1. 1487665 
- 1273819]1. 1878932) 1. 1489555 
.1275527/1. 1880730) 1. 1491447 
- 1277237) 1. 1382529/1.1498340 
1278948} 1. 1384330) 1. 1495235 
1280660 1. 1386133 1. 1497182 
1282374] 1. 1887937} 1.1499030 
1284089} 1. 1389742) 1. 1500930 
1285806} 1. 1391550] 1. 1502831 
1287524} 1. 1893358] 1. 1504734 
1289244) 1. 1895169} 1. 1506638 
1290965) 1. 1896980} 1. 1508544 
1292687 ]1. 1398794/1.1510452 
1294412/1. 1400608] 1. 1512361 
1296137]1. 1402425] 1. 1514972 
2YTSG4/ 1. 1404243) 1. 1516185 
1299593} 1. 1406062] 1. 1518099 
1301323] 1. 1407883] 1. 1520015 
1303055] 1. 1409706] 1. 1521932 
1304788} 1. 1411530} 1. 1528851 
1306522] 1. 1413356]1. 1525772 
1308258}1.1415183]1. 1527694 
1309996} 1. 1417012/1. 1529618 
1311735] 1. 1418842] 1. 1531548 
1313475] 1. 1420674] 1.1583470 
1315217] 1. 1422507]1. 15853990 
1316961] 1. 1424342]1. 1587329 
1318706} 1. 1426179]1. 1539261 
1320452] 1. 1428017/}1.1541195 
322200}1.1429857/1.1543130 
et ay 1. 1481698) 1. 1545067 
1825701/1.1433541/1. 1547005 
62° 61° 60° 
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30° | 31° | 32° 33°. |\_34° 362...}\.” 




















0 |1.1547005)1. 1666334 /1.1791784|1.1923623|1.2062179/|1.2207746] 60 
1 |1.1548945|1.1668374/1.1793928/1.1925886|1.2064547|1.2210233] 59 
2 |1.1550887|1.1670416)1.1796074|1.1928142)1. 2066917 |1.2212723] 58 
% }1.1552830)1. 1672459 |1.1798222)1. 1930399)1.2069288|1.2215215] 57 
4 1. 1594775)1. 1674504 1. 1800372}1.1932658)1.2071662|1.2217708] 56 
6 |1.1556722)1.1676551|1.1802523)1.1934918)1.2074037 |1.2220204| 55 
6 |1.15583670)1.1673509/1.1804676|1.1937181]|1.2076415}1.2222702) 54 
7 |1.1560620/1.1680649!1. 1806831) 1.1939446/1.2078794)1.2225202] 53 
8 |1.1562572)|1.1682701)|1.1808988)1.1941712/1.2081175/1.2227703) 52 
9 jl. 1564525) 1. 1684755/|1.1811146}1.1943980/1 . 20835591 .2230207| 51 
10 |1.1566480/1.1686810)1. 1813307 |1.1946251/1.2085944|1.2232713) 50 
11 |1. 15634261. 1688367 |1.1815469|1.1948523)1.20838331|1.2235222| 49 
12 |1.1570394|1. 1690926 |1.1817633)1.1950796|1 .2090720)1.2237732| 48 
13 |1.1572254)1.1692986|1.1819798/1.1953072)1.2093112|1.2240244| 47 
14 |1.1574315)\1. 1695048/1. 1821966) 1. 1955350)1. 2095505|1.2242758) 46 
15 |1.1576278|1.1697112/1.1824135|1.1957629)1.2097960)|1.2245274| 45 
16 |1.1578243}1.1699178)1.1826306)|1.1959911)]1.2100297|1.2247793] 44 
17 |1.1530209|1.1701245/1.1828479|1.1962194/1.2102696|1.2250313] 43 
18 |1.1582177|1.1703314/1.1830654|1.1964479/1.2105097 |1.2252836| 42 
19. |) .1584146)1.1705385|1.1832830)1. 1966767 |1.2107500|1.2255361| 41 
20 |1.1586118)1.1707457|1.1835008/1. 1969056 |1.2109905)|1.2257887| 40 
21 |1.1588091/1.1709531|1.1837188|1.1971346/1.2112312/1.2260416] 39 
22 |1.1590065|1.1711607|1.1839370/1.1973639|1.2114721/)1.2262947| 38 
23 |1.1592041|1.1713685)|1.1841554|1 .1975934/1.2117132)1.2265480| 37 
24 |1.1594019\1.1715764|1.1843739]|1.1978230)1 .2119545/1. 2268015) 36 
25 |1.1595999|1.1717845|1.1844927)1. 1980529/1 .2121960|1. 2270552) 35 
26 |1.1597980)1.1719928/1. 1848116]1 . 1982829/1 .2124377|1.2273091| 34 
27 |1.1599963|1.1722013)1.1850307|1.1985131]1 .2126795]1. 2275633) 33 
28 |1.1601947\1.1724099|1.1852500|1 . 1987435|1.2129216/1.2278176| 32 
29 |1.1603933|1.1726187\1.1854694|1.1989741/1.2131639/1. 2280722) 31 
30 |1.1605921|1.1728277|1.1856890|1. 1992049|1.2134064/1.2283269| 30 
81 |1.1607911)|1.1730368)|1.1859089]1 . 1994359]1 .2136491/1.2285819] 29 
82 |1.1609902|1.1732462/1.1861289|1.1996671)1 .2138920]1.2288371| 28 
33 |1.1611894/1.1734557|1.1863490)1 . 1998985|1 .2141351)1.2290924| 27 
34 |1.1613889|1.1736653|1.1865694|1.2001300|1 .2143784/1. 2293480] 26 
85 |1.1615885|1.1738752|1.1867900|1 . 2003618) 1 .2146218)1.2296039) 25 
26 |1.1617883|1.1740852|1.1870107)1 . 2005937/1 .2148655/1 . 2298599) 24 
87 |1.1619882|1.1742954)1.1872316|1.2008258)1 . 2151094/1.2301161| 23 
88 |1.1621883|1.1745058|1. 1874527|1. 2010582/1 . 2153535)1.2303725| 22 
39 |1.1623886|1.1747163|1.1876740]1. 2012907 )1 .2155978)1 .2306292| 21 
40 |1.1625891|1.1749270|1. 1878954|1 . 2015234]1 . 21584231. 2308861] 20 
41 |1.1627897|1.1751379|1.1881171|1.2017563]1.2160870/1.2311432] 19 
42 |1.1629904|1.1753490]1.1883389]|1.2019894]1 . 2163319|1.2314004| 18 
43 |1.1631914)1.1755603)1.1885609]1 . 2022226 /1 . 216577011. 2316579! 17 
44 |1.1633925|1.1757717|1. 1887831|1.2024561]1. 2168223/1.2319156| 16 
45 |1.1635938|1.1759833/1.1890055/1 . 2026898]1 . 21706781 . 2321736] 15 
46 |1.1637953)1.1761951/1.1892280/1 . 2029236 /1 .2173135/1.2324317| 14 
47 \1.1639969|1.1764070|1. 1894508/1 . 2031577|1.2175594/1. 2326900] 13 
48 |1.1641987|1.1766191|1.1896737}1 . 2033919/1 .2178055/1 .2329486| 12 
AQ |1.1644007|1.1768314/1.1898968)1 . 2036264/1 .2180518)1.2332074| 11 
50 |1.1646028|1.1770439|1.1901201)1 . 20386101. 2182983)1 . 2334664) 10 
51 |1.1648051|1.1772566|1.1903436|1 .2040958]1 . 2185450|1. 2337256) 9 
52 |1.1650076|1.1774694|1.1905673}1 . 2043308|1 .2187919]1.2339850| 8 
53 |1.1652102|1.1776824|1.1907911|1. 20456601. 2190390|1.2342446) 7 
54 |1.1654130|1.1778956|1.1910152|1 . 2048014/1 . 2192864/1.2345044) 6 
55 |1,1656160|1.1781089|1.1912394/1 . 2050370]1 . 2195339!1.2347645| 5 
56 |1.1658191|1. 1783225|1.1914638|1 .2052728|1 .2197816]1.2350248) 4 
57 |1.1660224|1.1785362|1.1916884|1 .2055088]1 . 2200296]1 . 2352852) 3 
58 |1.1662259\1.1787501|1.1919132|1.2057450|1.2202777|1.2355459) 2 
59 |1.1664296|1.1789642|1.1921381)1.2059814/1 .2205260]1. 2358069) 1 
60 |1.1666334|1.1791784|1.1923633)1.2062179|1.2207746)1.2360680) 0 
59° 58° 57° 56° 55° 64° 
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NATURAL SHCANTS 


























v 

‘ 36° S78 38° 39° 40° 41° 
0 |1.2360680]1.2521357|1.2690182]1.2867596)|1.3054073/1.3250130] 60 
1 |1.2363293]1.2524102]1.2693067/1.2870628]1.3057261]1.3253482| 59 
2 11.2365909]1 . 2526850]1.2695955]1.2873663)]1.3060451]1.3256837] 58 
8 |1.2368526]1.2529601]1.2698845]1.2876700]1.3063644/1.3260194] 57 
4 |1.2371146]1.2532353|1.27017387)1.2879740|1.3066839]1.3263554| 56 
5 |1.2373768|1.2535108]1 .2704632!1. 288278211 .3070038]|1.3266918] 55 
6 |1.2376393]1.2537865|1.2707529]1.2885827|1.3073239|1.3270284| 54 
7 |1.2379019)1.2540625|1.2710429]1.2888875]1.3076442|1.3273653) 53 
8 |1.2381647/1.2543387|1.2713331]1.2891925|1.3079649|1.3277024| 52 
9 |1.2384278]1.2546151|1.2716235]1.2894977)|1.3082858|1.32803899| 51 
10 |1.2386911]1.2548917]1.2719142]1.2898032]1.3086069|1.3283776] 50 
11 |1.2389546]1.2551685]1.2722052|1.2901090]1.3089284/]1.3287156| 49 
12 |1.2392183]1.2554456]1 . 2724963]1.2904150]1.3092501/}1.3290539|] 48 
13 |1.2394823)1.2557229/1. 2727877 |1.2907213}1.3095720]1.3293925| 47 
14 |1.2397464|1.2560005]1 .2730794|1.2910278]1.3098943]1.3297314!] 46 
15 |1.2400108}1 .2562782]1.2733712]1 .2913346]1.3102168|1.3300706| 45 
16 |1.2402754/1.2565562]1.2736634]1.2916416]1.3105396|1.3304100|] 44 
17 |1.2405402]1 .2568345]1.2739557]1.2919489|1.3108626|1.3307497| 43 
18 |1.2408052}1.2571129]1.2742484]1.2922564|1.3111860|1.3310897| 42 
19 |1.2410704|1.2573916]1.2745412]1. 2925642]1.3115095/1.3314301} 41 
20 |1.2413359]1.2576705]1.2748343]1.2928723|1.3118334]1.3317707| 40 
21 |1.2416016|1.257949711.2751276]1.2931806]1.3121575]1.3321115} 39 
22 |1.2418675]1 .2582291]1.2754212/1 .2934892/1.3124820|1.3324527) 38 
23 |1.2421336]1.2585087)1.2757151]|1.2937980]|1.3128066|1.3327942| 37 
24 |1.2423999]1.2587885]1.2760091]1.2941071|1.3131316|1.3331359| 36 
25 |1.2426665/1. 2590686] 1. 2763034|1. 2944164]1.3134568]1.3334779| 35 
26 |1.2429333]1 .2593489]1.2765980]1 . 2947260|1.31387823]1.3338203] 34 
27 |1.2432003]1.2596294]1.2768928]1.2950359/1.3141081]1.3341629| 33 
28 |1.2434675/]1.2599102|1.2771878]|1.2953460]1.3144341]1.3345058] 32 
29 |1.2437349]1.2601912|1.2774831]1.2956564/1.3147604|1.3348489] 31 
30 |1.2440026]1. 2604724) 1.2777787)1.2959670|1.3150870]1.3351924| 30 
31 |1.2442704]1.2607539]1.2780744]|1.2962779|1.3154139]1.3355362| 29 
82 |1.2445385)1.2610356]|1.2783705]1.2965890/1.3157410]1.3358802| 28 
33 |1.2448069)1.2613175]|1.2786667|1.2969004}1.3160684|1.3362246; 27 
34 |1.2450754/1.2615997)|1.2789632|1.2972121]1.3163961|1.3365692| 26 
35 |1.2453442/1.2618820]|1.2792600]1.2975240]1.3167240|1.3369141] 25 
36 |1.2456131]1.2621647|1.2795570]1. 2978362|1.3170523|1.3372594| 24 
37 |1.2458823]1.2624475)1.2798543]1.2981487|1.3173808|1.3376049| 23 
38 |1.2461518}1 .2627306)1.2801518]1 . 2984614]1.3177096]1.3379507| 22 
39 |1.2464214/1.2630140]1.2804495]1.2987743]|1.3180386]1.3382968] 21 
40 |1.2466913)1 .2682975)|1.2807475!1.2990876]1.3183680|1.3386432| 20 
41 |1.2469614/1.26385813)]1.2810457}1. 2994011]1.3186976/1.3389898] 19 
42 |1.2472317/1.26388653]1.2813442/1.2997148/1.3190274/1.3393368} 18 
43 |1.2475022)/1.2641496]1.2816430]1.3000288|1.3193576|1.3396841| 17 
44 |1.2477730]1.2644341)1.2819419]1.3003431]1.3196881]1.3400316] 16 
45 |1.2480440/1. 2647188] 1.2822412/1.3006576|1.3200188]}1.3403795] 15 
46 |1.2483152]1.2650038]1.2825407]1.3009724|1.3203498/1.3407276| 14 
47 |1.2485866]1.2652890]1.2828404|1.3012875}1.3206810}1.3410761} 13 
48 |1.2488583]1.2655745|1. 2831404]1.3016028]1.3210126)}1.3414248] 12 
49 |1.2491302]1.2658601]1.2834406|1.3019184]1.3213444]1.3417738] 11 
50 |1.2494023)1.2661460]1.2837411]1.3022343]1.3216765]1.3421232) 10 
51 |1.2496746]1.2664322)1.2840418]1.3025504]1.3220089]1.3424728] 9 
52 |1.2499471/1, 2667186/1.2843428]1.3028667/1.3223416]1.3428227) 8 
53 |1.2502199]1.2670052]1 .2846440]1.3031834]1.3226745]1.3431729| 7 
54 |1.2504929]1.2672921/1.2849455]1.3035003]1.3230078|1.3435234| 6 
55 |1.2507661]1.2675792/1 .2852472/1.3038175]1.3233413}1.3438742] 5 
56 |1.2510396]1.2678665]1 . 285549211 .3041349]1.3236750/1.3442253] 4 
57 |1.2513133]1.2681541]1.285851411.3044526/1.3240091]1.3445767| 32 
58 |1.2515872|1.2684419/1.2861539]1.3047706|1.324343511.3449284| 2 
59 |1.2518613)1.2687299]1.2864566/1.3050888]1.3246781/1.3452804| 1 
60 |1.2521357]1.2690182)1.2867596)]1.3054073]1.3250130]1.3456327| 0O 
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42° 


. 3459853 
. 8463382 
. 3466914 
. 3470449 
. 3473987 
. 8477528 
- 3481072 
- 3484619 
. 3488168 
- 3491721 


- 3495277 
- 3498836 
- 3502398 
- 3505963 
. 3509531 
. 3513102 
. 3516677 
. 3520254 
- 38523834 
- 3527417 


. 3531003 
- 3534593 
. 3538185 
. 3541780 
. 3545379 
. 3548980 
. 3552585 
. 38556193 
- 3559803 
. 3563417 


- 3567034 
. 3570654 
- 3574277 
- 8577903 
. 8581532 
. 3585164 
. 3588800 
. 3592438 
. 3596080 
. 8599725 


- 38603372 
. 8607023 
. 3610677 
. 8614334 
. 3617995 
. 3621658 
. 3625324 
. 8628994 
. 3632667 
. 3636343 


. 3640022 
. 3643704 
. 8647389 
. 38651078 
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NATURAL SECANTS 
43° 44° 45° 46° 47° 
.3673275|1.3901636]1.4142136]1.4395565|1. 4662792 
. 3676985] 1.3905543]1.4146251/1.4399904|1. 4667368 
. 38680699 |1.3909453}1.4150370|1.4404246|1.4671948 
. 8684416 ]1.3913366]1.4154493]1.4408592]1 . 4676532 
. 3688136] 1.3917283}1.4158619]1.4412941)1. 4681120 
3691859 ]1.3921203]1.4162749|1.4417295]1. 4685713 
. 3695586 }1.3925127|1.4166883]1.4421652]1. 4690309 
. 3699315}1.3929054/1.4171020]1.4426013)1.4694910 
.38703048]1.3932985]1.4175161]1.4430379|1 . 4699514 
.3706784]1.3936918]1.4179306]1.4434748]1 .4704123 
.8710523]1.3940856|1.4183454]1.4439120]1 . 4708736 
3714266 ]1.3944796|1.4187605]1 . 4443497 |1.4713354 
3718011]1.3948740|1.4191761]1.4447878]1.4717975 
.38721760]1. 39526881 .4195920]1.4452262)1 . 4722600 
3725512/1.3956639]1.4200082]1.4456651]1 .4727230 
3729268]1 .3960593}1.4204248)1.4461043]1.4731864 
3733026]1.3964551|1.4208418]1.4465439/]1 . 4736502 
3736788] 1 .3968512|1.4212592]1.4469839]1.4741144 
3740553]1.3972477|1.4216769|1.4474243]1. 4745790 
374432111 .3976445]1.4220950]1.4478651]1 . 4750440 
3748092]1.3980416]1.4225134/1.4483063]1.4755095 
3751867 |1.3984391]1.4229323]1.4487478]1.4759754 
3755645] 1. 3988369 |1.4233514/1.4491898]1.4764417 
3759426)]1.3992351)1.4237710]1.4496322)1 .4769084 
3763210]1.3996336|1.4241909}1.4500749/1 .4773755 
. 3766998] 1.4000325}1.4246112]1.4505181]1 .4778431 
37707891 .4004317}1.4250319]1.4509616]1. 4783111 
3774583] 1.4008313]1.4254529/1.4514055)1.4787795 
37783801 .4012312|1.4258743}1.4518498/1 . 4792483 
3782181|1.4016315/1.4262961]1.4522946|1.4797176 
3785985|1 .4020321]1.4267182|1.4527397|1 .4801872 
3789792]1.4024330|1.4271407/1.4531852]1. 4806573 
3793602/1. 40283431 .4275636]1.4536311]1.4811278 
3797416]1.4032360]1.4279868}1 .4540774]1 . 4815988 
3801233]1.4036380]1.4284105|1.4545241]1.4820702 
3805053|1.4040403]1.4288345|1.4549712|1 .4825420 
3808877 |1.4044430|1.4292588]1.4554187]1 .4830142 
.3812704|1.4048461]1.4296836]1 .4558666}1 . 4834868 
3816534|1.4052494/1.4301087|1.4563149)|1.4839599 
3820367 |1.4056532]1 .4305342|1.4567636|1 . 4844334 
3824204]|1.4060573]1.4309600]1.4572127)|1.4849073 
.3828044]1.4064617|1.4313863]1.4576621/1.4853817 
. 3831887 |1.4068665|1.4318129]1.4581120}1. 4858565 
.3835734]1.4072717|1.4322399]1.4585623)1 . 4863317 
.3839584|1.4076772|1.4326672}1.4590130}1. 4868073 
. 3843437 |1.4080831]1.4330950/1.4594641/1 . 4872834 
.8847294|1.4084893]1.4335231]1.4599156]1 . 4877599 
3851153]1.4088958|1.4339516]1.4603675/1 . 4882369 
.3855017|1.4093028]1.4343805]1. 4608198] 1 . 4887142 
.3858883|1.4097100]1.4348097|1.4612726)1.4891920 
.3862753|1.4101177|1.4352393|1.4617257]1. 4896703 
. 3866626 |1.4105257|1.4356693)1.4621792/1.4901489 
. 38705031 .4109340]|1.4360997 |1 .4626331}1.4906280 
. 3874383 |1.4113427|1.4365305]1 .4630875]1.4911076 
. 3878266 |1.4117517|1.4369616]1 .4635422/1. 4915876 
3882153|1.4121612|1.4373932|1.4639973)}1 . 49206380 
3886043 |1.4125709|1.4378251)1. 46445291 . 4925488 
8889936|1.4129810]1.4382574|1.4649089/]1 . 4930301 
3893832|1.4133915|1.4386900]1.4653652)1.4935118 
3897733 |1.4138024|1.4391231]1.4658220]1. 4939940 
3901636]1.4142136]1.4395565|1.4662792/1 4944765 
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/ 
: 48° 49° 50° 51° 52° 53° 
0 |1.4944765]1.5242531]1.5557238]1.5890157/1.6242692]1.6616401] 60 
1 |1.4949596]1 .5247634]1.5562634]1.5895868|1.6248743|1.6622819| 59 
2 |1.4954431]1.5252741]1.5568035]1. 5901584] 1.6254799]1.6629243) 58 
3 |1.4959270/1.5257854|1.5573441]1.5907306]1.6260861/1.6635673] 57 
4 |1.4964113]1.5262971]1.5578852]1.5913033]1.6266929|1.6642110] 56 
5 |1.4968961]1.5268093]1.5584268]1.5918766]1.6273003]1.6648553| 55 
6 |1.4973813]1.5273219]1.5589689]1.5924504]1.6279083]1.6655002] 54 
7 |1.4978670]1.5278351]1.5595115]1.5930247]1.6285169|1.6661458| 53 
8 |1.4983531]1.5283487]1.5600546|1.5935996]1.6291261|1.6667920] 52 
9 |1.4988397|1.5288627)}1.5605982/1.5941751]1.6297359|1.6674389] 51 
10 |1.4993267]1.5293773]1.5611424|1.5947511]1.6303462|1.6680864] 50 
11 |1.4998141]1.5298923]1.5616871]1.5953276]1.6309572]1.6687345] 49 
12 |1.5003020]1.5304078]1.5622322/1.5959048]1.6315688]1.6693833| 48 
13 |1.5007903]1.5309238]|1.5627779|1.5964824!1.6321809|1.6700328| 47 
14 |1.5012791|1.5314403]1.5633241]1.5970606]1.6327937|1.6706828] 46 
15 |1.5017683]1.5319572]1.5638708]1.5976394]1.6334070|1.6713336| 45 
16 |1.5022580]1.5324746]1.5644181|1.5982187]1.6340210]1.6719850| 44 
17 |1.5027481]1.5329925]1.5649658]1.5987986]1.6346355|1.6726370] 43 
18 |1.5032387]1.5335109]1.5655141]1.5993790|1.6352507|1.6732897] 42 
19 |1.5037297|1.5340297]1.5660628]1.5999600]1.6358664]1.6739430] 41 
20 |1.5042211/1.5345491]1.5666121|1.6005416]1.6364828]1.6745970|] 40 
21 |1.5047131]1.5350689}1.5671619]1.6011237|1.6370997|1.6752517| 39 
22 |1.5052054/1.5355892]1.5677123|1.6017064/1.6377173|1.6759070] 38 
23 |1.5056982/1.5361100]1.5682631]|1.6022896]1.6383355|1.6765629| 37 
24 |1.5061915/1.5366313]1.5688145]1.6028734]1.6389542|1.6772195| 36 
25 |1 5056852]1.5371530!1.5693664|1.6034577|1.6395736|1.6778768|] 35 
26 |1.5071793]1.5376752]1.5699188]1.6040426/1.6401936|1.6785347| 34 
27 |1.5076739]1.5381980]1.5704717|1.6046281|1.6408142]1.6791933| 33 
28 |1.5081690]1.5387212}1.571025211.6052142]1.641435411.6798525| 32 
29 |1.5086645]1.5392449]1.5715792]1.6058008]1.642057211.6805124| 31 
30 |1.5091605]1.5397690|1.5721337]1.6063879|1.6426796|1.6811730| 30 
31 |1.5096569]1 . 5402937) 1.5726887]1.6069757|1.6433027/1.6818342] 29 
32 |1.5101538/1.5408189]1.5732443]1.6075640]1.6439263/1.6824961| 28 
33 |1.5106511]1.5413445|1.5738004|1.6081528]1.6445506]1.6831586| 27 
34 |1.5111489]1.5418706]1.5743570]1.6087423}1.6451754|1.6838219] 26 
35 |1.5116472]1.5423973/1.5749141]1 .6093323]1.6458009]1.6844857] 25 
36 |1.5121459]1.542924411.5754718]1.6099228]1.6464270]1.6851503] 24 
37 |1.5126450]1. 5434520]1.5760300]1.6105140]1.6470537]1.6858155| 23 
38 |1.5131446]1.5439801]1.5765887]1.6111057]1.6476811|1.6864814| 22 
39 |1.5136447]1.5445087/1.5771479]1.6116980]1.6483090/1.6871479] 21 
40 |1.5141452]1.5450378]1.5777077|1.6122908]|1.6489376]1.6878151| 20 
41 |1.5146462]1.5455673]1.5782680]1.6128843]1.6495668|1.6884830] 19 
42 |1.5151477]1.5460974/1.5788289]1.6134783]1.6501966/1.6891516] 18 
43 |1.5156496/1 . 54662890] 1.5793902]1.6140728 1.6508270]1.6898208| 17 
44 |1.5161520]1.5471590]1.5799521]1.6146680]1.6514581|1.6904907] 16 
45 |1.5166548]1.5476906]1.5805146]1.6152637]1.652089811.6911613] 15 
46 |1.5171581]1. 5482226]1.5810776]1.6158600]1.652722111.6918326| 14 
47 |1.5176619]1.5487552]1.5816411]1.6164569]1.653355011.6925045] 13 
48 |1.5181661]1.5492882]1.5822051]1.6170544]1.653988511.6931771] 12 
49 |1.5186708]1.5498218]1.5827697|1.6176524!1.6546227 1.6938504} 11 
50 |1.5191759]1.5503558]1.5833348]1.6182510]1.655257511.6945244! 10 
51 |1.5196815}1.5508904|1.5839005]1.6188502]1.6558929|1.6951990 9 
52 |1.5201876|1.5514254]1.5844667|1.6194500]1.6565290|1.6958744| 8 
53 |1.5206942]1.5519610]1.5850334]1.6200504]1.6571657|1.6965504| 7 | 
54 {1.5212012/1.5524970]1.5856007|1.6206513]1.6578030|1.6972271| 6 
55 |1.5217087]1.5530335]1.5861685]1.6212528]1.6584409|1.6979044| 5 
56 |1.5222166]1.5535706]1.5867369]|1.6218549]1.659079511.6985825| 4 
57 |1.5227250|1.5541081]1. 5873058] 1.6224576|1.6597187|1.6992612| 3 
58 |1.5232339]1.5546462|1.5878752]1.6230609|1.6603586/1.6999407! 2 
59 |1.5237433)1.5551848]1.5884452]1.6236648]1.6609990|1.7006208| 1 
60 |1.5242531)1.5557238|1.5890157]1.6242692/1.6616401|1.7013016| 0 


41° 40° 39° 38° 37° 36° 
BSE: NATURAL COSECANTS 


~ 
~ 





coronene | ~ 


10 





RHR EHR HEH ER HEH BR Re ee epee 


54° 


. 7013016 
- 7019831 
. 7026653 
- 7033482 
- 7040318 
. 7047160 
- 7054010 
- 7060867 
- 7067730 
- 7074601 
- 7081478 


. 7088362 
- 7095254 
. 7102152 
- 7109058 
- 7115970 
- 7122890 
- 7129817 
- 7136750 
- 7143691 
- 7150639 


. 7157594 
- 7164556 
-7171525 
-7178501 
- 7185484 
- 7192475 
. 7199472 
. 7206477 
. 7213489 
- 7220508 


. 7227534 
. 7234568 
. 7241609 
. 7248657 
. 7255712 
- 7262774 
- 7269844 
- 7276921 
. 7284005 
- 7291096 


. 7298195 
- 7305301 
- 7312414 
- 7319535 
- 7326663 
. 7333798 
-7340941 
- 7348091 
- 7355248 
- 7362413 


- 7369585 
. 7376764 
- 7383951 
. 7391145 
-7398347|1. 
- 74055561. 
-7412773}1. 
-7419997]1. 
.7427229)1. 


-7434468]1.7882916 


35° 





AND COSECANTS 


NATURAL SECANTS 





55° 


- 7434468 
. 7441715 
- 7448969 
- 7456230 
- 7463499 
- 7470776 
. 7478060 
- 7485352 
- 7492651 
- 7499958 
- 7507273 


-7514595 
- 7521924 
- 7529262 
- 7536607 
- 7543959 
- 7551320 
- 7558687 
. 7566063 
. 7573446 
- 7580837 


1 
1 
1 
iY 
1 
iL 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.7588236 
1.7595642 
1.7603057 
1.7610478 
1.7617908 
1.7625345 
he 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 


7632791 


. 7640244 
- 7647704 
-7655173 


. 7662649 
- 7670133 
- 7677625 
- 7685125 
. 7692633 
- 7700149 
- 7707672 
. 7715204 
- 7722743 
- 7730290 


- 7737845 
- 7745409 
- 7752980 
- 7760559 
- 7768146 
.7775741 
- 7783344 
- 7790955 
- 7798574 
- 7806201 


- 7813836 
. 7821479 
- 7829131 
- 7836790 


7844457 
7852133 
7859817 
7867508 
7875208 


34° 











56° 


- 7882916 
- 7890633 
- 7898357 
- 7906090 
- 7913831 
- 7921580 
- 7929337 
- 7937102 
. 7944876 
. 7952658 
- 7960449 


- 7968247 
- 7976054 
- 7983869 
- 7991693 
- 7999524 
- 8007365 
- 8015213 
- 8023070 
- 8030935 
- 8038809 


. 8046691 
- 8054582 
- 8062481 
- 8070388 
- 8078304 
- 8086228 
- 8094161 
- 8102102 
- 8110052 
- 8118010 


- 8125977 
- 8133953 
- 8141937 
- 8149929 
- 8157930 
- 8165940 
- 8173958 
- 8181985 
- 8190021 
- 8198065 


- 8206118 
-8214179 
- 8222249 
- 8230328 
- 8238416 
. 8246512 
- 8254617 
- 8262731 
- 8270854 
- 8278985 


. 8287125 
. 8295274 
- 8303432 
- 8311599 
- 8319774 
. 8327959 
- 8336152 
- 8344354 
. 83525691. 


. 8360785} 1. 8870799 


33° 





57° 


- 8360785 
- 8369013 
- 8377251 
. 8385498 
. 8393753 
- 8402018 
. 8410292 
- 8418574 
- 8426866 
- 8435166 
- 8443476 


- 8451795 
- 8460123 
- 8468460 
- 8476806 
- 8485161 
- 8493525 
- 8501898 
- 8510281 
- 8518672 
- 8527073 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.8535483 
1.8543903 
1.8552331 
1.8560769 
1.8569216 
1.8577672 
1.8586138 
1. 8594612 
AP. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


8603097 


- 8611590 


- 8620093 
- 8628605 
- 8637126 
- 8645657 
- 8654197 
- 8662747 
- 8671306 
- 8679875 
- 8688453 
- 8697040 


. 8705637 
. 8714244 
. 8722859 
- 8731485 
. 8740120 
. 8748764 
. 8757419 
. 8766082 
. 8774755 
- 8783438 


.8792131 
- 8800833 
. 8809545 
- 8818266 
- 8826998 
. 8835738 
- 8344489 
- 8853249 


8862019 


32° 








Pe et ee RR RR pe 


58° 


. 8870799 
- 8879589 
- 8888388 
- 8897197 
- 8906016 
- 8914845 
- 8923684 
- 8932532 
- 8941391 
- 8950259 
- 8959138 


. 8968026 
. 8976924 
- 8985832 
- 8994750 
- 9003678 
- 9012616 
- 9021564 
- 9030522 
- 9039491 
- 9048469 


-9057457 
- 9066456 
. 9075464 
- 9084483 
- 9093512 
-9102551 
-9111600 
- 9120659 
-9129729 
- 9138809 


- 9147899 
- 9156999 
-9166110 
-9175230 
- 9184362 
-9193503 
- 9202655 
-9211817 
- 9220990 
- 9230173 


- 9239366 
- 9248570 
. 9257784 
- 9267009 
- 9276244 
- 9285490 
- 9294746 
- 9304013 
- 9313290 
- 9322578 


- 9331876 
- 9341185 
- 9350505 
- 9359835 
- 9369176 
- 9378527 
- 9387889 
- 9397262 
- 9406646 

9416040 


31° 





59° 


- 9416040 
- 9425445 
- 9434861 
- 9444288 
- 9453725 
- 9463173 
. 9472632 
- 9482102 
- 9491583 
.9501075 
-9510577 


.9520091 
- 9529615 
. 9539150 
- 9548697 
- 9558254 
- 9567822 
- 9577402 
- 9586992 
- 9596593 
- 9606206 


- 9615829 
- 9625464 
- 9635110 
- 9644767 
- 9654435 
- 9664114 
- 9673805 
- 9683507 
- 9693220 
-9702944 


.9712680 
. 9722427 
-9732185 
- 9741954 
-9751735 
-9761527 
-9771331 
-9781146 
- 9790972 
- 9800810 


- 9810659 
- 9820520 
- 9830393 
- 9840276 
.9850172 
- 9860080 
- 9869997 
- 9879927 
- 9889869 
- 9899822 


. 9909787 
- 9919764 
. 9929752 
- 9939753 
- 9949764 
- 9959788 
- 9969823 
. 9979870 
- 9989929 

. 0000000 


30° 





NATURAL COSECANTS 





lserrenqsrcases 


\ 











268 TABLE XXIXA.—NATURAL SECANTS 
NATURAL SECANTS 
R 
g 60° 61° 62° 63° 64° 65° 
0 |2.0000000}2.0626653)2.1300545]2.2026893]2.2811720|2.3662016] 60 
1 |2.0010083)2.0637484|2.1312205/2.2039476|2.2825335|2.3676787| 59 
2 |2.0020177|2.0648328|2.1323880|2.2052075|2.2838967|2.3691578] 58 
3 |2.0030283)]2.0659186|2.1335570|2.2064691}2.2852618|2.3706390] 57 
4 |2.0040402|2.0670056|2.1347274/2. 20773232. 2866286/2.3721222) 56 
5 |2.0050532}2.0680940]2.1358993]|2.2089972]2.2879974|2.3736075| 55 
6 |2.0060674|2.0691836]2.1370726/2.2102637|2.2893679|2.3750949] 54 
7 |2.0070828]2.0702746|2.1382475)2.2115318]2.2907403|2.3765843] 53 
8 |2.0080994|2.0713670|2.1394238]2.2128016]2.2921145/2.3780758] 52 
9 |2.0091172}2.0724606]2.1406015]2.2140730|2.2934906/2.3795694] 51 
10 |2.0101362/2.0735556|2.1417808]2.2153460|2.2948685|2.3810650] 50 
11 |2.0111564|2.07465191/2.1429615/2.2166208|2.2962483|/2.3825627| 49 
12 |2.0121779|2.0757496|2.1441438]2.2178971|2.2976299|2.3840625] 48 
13 |2.0132005|2.0768486|2.1453275/2.2191752|2.2990134|2.3855645| 47 
14 |2.0142243)2.0779489|2.1465127|2.2204548]2.3003988|2.3870685| 46 
15 |2.0152494/2.0790506]2.1476993]2.2217362|2.3017860|2.3885746| 45 
16 |2.0162756)/2.0801536|2.1488875]2.2230192|2.3031751/2.3900828] 44 
17 |2.0173031|2.0812580|2.1500772]2. 2243039]|2.3045660/2.3915931| 43 
18 |2.0183318)2.0823637|2.1512684]2.2255903/2.3059588|2.3931055] 42 
19 |2.0193618]/2.0834708|2.1524611/2.2268783|2.3073536/2.3946201] 41 
20 |2.0203929)]2.0845792|2.1536553|2.2281681|2.3087501|2.3961367| 40 
21 |2.0214253)2.0856890|2.1548510/2.2294595/2.3101486|2.3976555| 39 
22 |2.0224589|2.0868002|2.1560482|2.2307526/2.3115490|2.3991764| 38 
23 |2.0234937|2.0879127|2.1572469|2.2320474/2.3129513|2.4006995| 37 
24 |2.0245297|2.0890265]2. 1584471]2. 2333438|2.3143554|2.4022247| 36 
25 |2.0255670/2.0901418|2. 1596489]|2.2346420|2.3157615|2.4037520] 35 
26 |2.0266056]2.0912584|2.1608522|2.2359419]2.3171695|2.4052815] 34 
27 |2.0276453|2.0923764]2.1620570]2.2372435|2.3185794|2.4068132| 33 
28 |2.0286863]2.0934957|2.1632633|2.2385468|2.3199912/2.4083469] 32 
29 |2.0297286|2.0946164|2.1644712]2.2398517|2.3214049]2.4098829] 31 
30 |2.0307720]2.0957385]2. 1656806 |2.2411585|2.3228205|2.4114210] 30 
31 |2.0318168]2.0968620]2.1668915|2.2424669|2.3242381/2.4129613 29 
32 |2.0328628/2.0979869|2.1681040|2.2437770/2.3256575/2.4145038 28 
33 |2.0339100/2.0991131)2.1693180|2.2450889|2.3270790/2.4160484| 27 
34 |2.0349585]2.1002408|2.1705335|2.2464025|2.3285023|2.4175952 26 
35 |2.0360082]2.1013698|2.1717506|2.2477178]2.3299276|2.4191442] 95 
36 |2.0370592/2.1025002)2.1729693}2. 2490348]2.3313548]2.4206954| 24 
37 |2.0381114/2. 1036320|2.1741895]2.2503536|2.3327840|2.4222488] 23 
38 |2.0391649]2.1047652|2.1754113]2.2516741/2.3342152/2.4238044| 22 
39 |2.0402197)2.1058998|2.1766346/2. 25299642. 3356482|2 4253622] 21 
40 |2.0412757|2.1070359|2.1778595)2. 2543204|2.3370833/2.4269229| 20 
41 |2.0423330)2.1081733)2. 179085912 .2556461]2.3385203]2.4284844 19 
42 |2.0433916|/2.1093121|2.1803139]2.2569736|2.3399593|/2.4300489| 18 
43 |2.0444515/2. 1104523/2.1815435)}2 .2583029|2.3414002/2.4316155| 17 
44 |2.0455126)/2.1115940|2.1827746|2. 2596339|2.3428432|/2.4331844| 16 
45 |2.0465750)2. 1127371|2.1840074|2. 2609667|2.3442881/2.4347555| 15 
46 |2.0476386)2.1138815|2. 1852417 |2. 2623012]2.3457349]2.4363289] 14 
47 |2.0487036]2.1150274|2.1864775)|2.2636376]2.3471838]2.4379045] 13 
48 |2.0497698/2.1161748]2.1877150/2.2649756|2.3486347/2.4394823] 12 
49 |2.0508373|2.1173235)2.1889541}2.2663155)/2.3500875|2.4410624| 11 
50 |2.0519061/2.1184737}2. 1901947 |2.2676571)2.3515424/2.4426448! 10 
51 |2.0529762)2.1196253)}2. 1914370|2. 2690005|2.3529992|/2.4442294] 9 
52 |2.0540476)/2.1207783]2 .1926808]2 . 2703457 |2.3544581/2.4458163] 8 
53 |2.0551203)/2, 1219328]2.1939262)2.2716927|2.3559189|2.4474054| 7 
54 |2.0561942/2. 1230887 |2.1951733)]2.2730415]2.3573818|2.4489968] 6 
55 |2.0572695]2. 1242460/2.1964219]2. 2743921 |2.3588467|2.4505905| 5 
56 |2.0583460]2.1254048]2.1976721/2.2757445|2.3603136/2.4521865| 4 
57 |2.0594239]2. 1265651]2.1989240)2. 2770987 |2.3617826|2.4537848| 3 
58 |2.0605031]2.1277267|2.2001775)2.2784546|2.363253512.4553853| 2 
59 |2.0615836/2.1288899]2.2014326/2.2798124|2.3647265|2.4569882| 1 
60 |2.0626653)2.1300545]2 .2026893|2.2811720|2.3662016|2.4585933) 0 
29° 28° a7° 26° 25° 24° 








NATURAL COSECANTS 

















~ 


AND COSECANTS 








NATURAL SECANTS 











Le 
66° 67° 
0 |2.4585933]2.5593047/2. 
1 |2.4602008|2. 5610599 |2 
2 |2.4618106|2.5628176|2 
3 |2.4634227|2. 5645781 |2 
4 |2.4650371|2. 56634122 
5 |2.4666538|2. 5681069 |2 
6 |2.4682729|2. 5698752|2 
7 |2.4698943|2.5716462|2 
8 |2.4715181]2.5734199|2 
9 |2.4731442|2.5751963|2 
10 |2.4747726|2.5769753)2 
11 |2.4764034|2.5787570|2. 
12 |2.4780366|2. 58054142 
13 |2.4796721|2 58232842 
14 |2.4813100|2.5841182|2 
15 |2.4829503|2. 5859107 |2 
16 |2.4845929|2. 5877058|2 
17 |2.4862380|2. 5895037 |2 
18 |2.4878854|2. 59130432 
19 |2.4895352|2.5931077|2 
20 |2.4911874/2. 5949137 |2 
21 |2.4928421|2. 5967225|2 
22 |2.4944991|2. 5985341 |2 
23 |2.4961586|2. 6003484 |2 
24 |2.4978204|2.6021654|2 
25 |2.4994848|2.6039852|2 
26 |2.5011515|2.6058078|2 
27 |2.5028207|2.6076332|2 
28 |2.5044923]2 .6094613|2 
29 |2.5061663/2.6112922|2 
30 |2.5078428|2.6131259|2 
31 |2.5095218|2.6149624|2 
32 |2.5112082|2.6168018|2 
33 |2.5128871|2.6186439|2 
34 |2_5145735|2.6204888|2 
35. |2.5162624|2.6223366|2 
36 |2.5179537|2.6241872|2 
37 |2.5196475|2.6260406|2 
38 |2.5213438|2 .6278969|2 
39 |2.5230426|2 .6297560|2 
40 |2.5247440|2.6316180]2 
41 |2.5264478]2.6334828]2 
42 |2.5281541|2 6353506 |2 
43 |2.5298630|2.6372211|2 
44 |2.5315744|2.6390946|2 
45 |2.5332883|2.64097 10/2 
46 |2.5350048|2 .6428502|2 
47 |2.5367238|2.6447323|2 
48 |2.5384453|2.6466174|2 
49 |2.5401694|2.6485054|2. 
50 |2.5418961|2. 65039622. 
51 |2.5436253|2.6522901|2. 
52 |2.5453571|2.6541868|2. 
53 |2.5470915|2.6560865)2. 
54 |2.5488284|2. 65798912. 
55 |2.5505680|2. 6598047 |2. 
56 |2.5523101|2.6618033/2. 
57 |2.5540548|2.6637148/2. 
58 |2.5558022|2.6656292|2. 
59 |2.5575521|2.6675467|2. 
60_|2.5593047|2.6694672|2. 
23° 22° 


68° 


6907912/2. 


.6927480]2. 
. 6947079 |2. 
. 6966709 |2. 
.6986370]2. 
- 7006061 }2. 
- 7025784 /2. 
- 7045538 |2. 
- 7065323 |2. 
- 7085139 |2. 


. 7104987 |2. 
. 7124866 |2. 
- 7144777 |2. 
-7164719]2. 
.7184693]2. 
.7204698/2. 
-7224735/2. 
. 7244804 |2. 
.7264905/2. 
- 7285038 |2. 


- 7305203 |2. 
- 73254002. 
- 7345630]2. 
.7365892/2. 
. 7386186 ]2. 
-7406512|2. 
.7426871/2. 
- 7447 263)2. 
- 7467687 |2. 
-7488144/2. 


. 7508634 |2. 
“7529157 |2. 
.7549712)2. 
-7570301]2. 
. 7590923 }2. 
.7611578}2. 
. 7632267 |2. 
. 76529882. 


7673744 (2. 
7694532 |2. 


7715355]2. 
7736211/2. 
7757100|2. 
7778024|2. 
7798982|2. 
7819973/2. 
7840999 |2. 
7862059 |2. 
78831532. 


21° 


6694672|2.7904281 
-6713906|2. 
.6733171)2. 
.6752465/2. 
.6771790|2. 
.6791145]2. 
-6810530]2. 
.6829945]2. 
- 6849391 |2. 
. 6868867 |2. 
- 6888374 |2. 


7904281|2.9238044 


69° 


7925444 
7946641 
7967873 
7989140 
8010441 
8031777 
8053148 
8074554 


8117471 


8138982 
8160529 
8182111 
8203729 
8225382 
8247071 
8268796 
8290556 





8312353 ]2. 
83341852. 


8356054 |2. 
8377958 ]2. 
8399899 |2. 
8421877 |2. 
8443891]2. 
8465941/2. 
8488028)2. 
851015212. 
8532312/2. 
8554510)2. 


8576744 |2. 
8599015)3. 
8621324/3. 
8643670]3. 
8666053]3 . 
8688474|3. 
87109323. 
8733428)]3. 
8755961)3. 
8778532|3. 


8801142/3. 
88237893. 
8846474|3. 
8869198]3. 
8891960)3. 
8914760]3. 
8937598]3. 
8960475)3. 


8983391 
9006346 


9029339 
9082372 
9075443 
9098553 


9144892 
9168121 
9191389 
9214697 





20° 


3 
3 
3 
3 
3 
3 
9121703}3. 
3 
3 
3 
3 
3 


70° 


2.9238044 
2.9261431 
2 .9284858 
2.9308326 
2 .9331833 
2.9355380 
2.9378968 
2.9402597 
2.9426265 
8095995 2: 
2 
2 
2 
2 
2 
2 
2 
2 


9449975 


- 9473725 


.9497516 
.9521348 
. 9545221 
. 9569135 
-9593090]3. 
-9617087)|3. 
-9641125)3. 
-9665205/3. 
9689327 |3. 
9713490|3. 


97376953. 
9761942)3. 
9786231)3. 
9810563]3. 
9834936/3. 
9859352)3. 
9883811)3. 
9908312|3. 
99328563. 
9957443)3. 


99820733. 
0006746)3. 
0031462)3. 
0056221)3. 
0081024/3. 
0105870|3. 
0130760|3. 
0155694)3. 
018067 2)3. 
0205693)3. 


02307593. 
0255868)3. 
0281023)3. 
0306221)3. 
03314643. 
0356752)3. 
0382084 |3. 
0407462/3. 
. 0432884 |3. 
-0458352|3. 


. 04838643. 
. 0509423 /3. 
.0535026]3. 
.0560675/3. 
0586370]3. 
.0612111]3. 
.0637898]3. 
.0663731)3. 
.0689610/3. 


.0715535]3 . 2360680 


19° 








71° 


3.0715535 
3.0741507 
3.0767525 
3.0793590 
3.0819702 
3.0845860 
3.0872066 
3. 
3 
3 
3 
3 
3 
3 
3 


0898319 


- 0924620 
. 0950967 
.0977363 


. 1003805 
- 1030296 
. 1056835 
. 1083422 


1110057 
1136740 
1163472 
1190252 
1217081 
1243959 


1270886 
1297862 
1324887 
1351962 
1379086 
1406259 
1433483 
1460756 
1488079 
1515453 


1542877 
1570351 
1597876 
1625452 
1653078 
1680756 
1708484 
1736264 
1764095 
1791978 


1819913 
1847899 
1875937 
1904028 
1932170 
1960365 
1988613 
2016913 
2045266 
2073673 


2102132 
2130644 
2159210 
2187830 
2216503 
2245230 
2274011 
2302846 
2331736 


18° 


, cS 


NATURAL COSECANTS 








leaeaecacens 
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270 TABLE XXIXA.—NATURAL SECANTS 
el MRE 65. 0 ae 3s) 
, , 


72° 73° 74° 75° 76° iW (is = 


-2350680/3 . 4203036 |3.6279553/3 .8637033]4.1335655/4. 4454115! 60 
3 ‘ 


| 





0 4 

1 |3.2389678/3 .4235611/3 .6316395]3. 8679025|4.1383939|4.4510198| 59 
2 |3.2418732/3 .4268251|3.6353316]3.8721112|4, 14323394. 4566428] 58 
3 |3.2447840/3 4300956 |3 .6390315]3.8763293|4. 1480856|4 . 4622803] 57 
4 |3.2477003/3 . 4333727 |3.6427392|3.8805570]4.1529491]4 4679324] 56 
5 |3.2506222/3 . 4366563 /3.6464548/3 . 8847943/4. 1578243/4 4735993] 55 
6 |3.2535496]3 . 4399465 /3 .6501783|3.8890411]/4. 1627114]4.4792810] 54 
7 |3.2564825/3 . 4432433/3.6539097|3.8932976|4. 1676102 4.4849775] 53 
8 /3.2594211/3 , 4465467 |3.6576491]3. 8975637 |4.1725210/4 4906889 52 
9 |3.2623652/3 449856813 .6613964/3.9018395]4.1774438|4. 4964152 51 
10 |3.2653149]3 . 4531735 /3.6651518/3.9061250|4. 1823785 |4.5021565 50 
11 |3.2682702/3. 4564969 /3.6689151/3.9104203]4. 1873252 . 5079129} 49 
12 |3.2712311/3. 4598269 |3 .6726865/3.9147254/4. 1922840|4.5136844| 48 
13 2741977|3 . 4631637 |3.6764660/3.9190403|4.1972549]4.5194711| 47 
14 |3.2771700/3.4665073]3 .6802536]3 .9233651/4.2022380/4. 5252730 46 
15 |3.2801479/3 . 4698576 |3.6840493|3 .9276997]|4. 2072333/4.5310903 45 
16 |3.2831316]3.4732146]3 .6878532/3 .9320443/4.2122408|4 5369229 44 

é 3 

3. 

3 




















-4138080/3 .6206101]3. 8553332 


-4170526/3 .6242788]3.8595135|4. 1287487 .4398176/4.8031613 
-4203036/3 627955313 .8637033/4.1335655/4. 4454115 - 8097343 


Wa 16° 15° 14° 13° 12° 
NATURAL COSECANTS 
Sa a 


-1239435]4.4342382|4.7966066 


3 

3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 4 

3 3 4 

3 3 4 

3 3 1 

3 3 4 

3. 3 4 

3 3 4 

3 3 4 

3 3 4 
17 |3.2861209]3 .4765785/3 .6916652/3 .9363988|4.2172606 4.5427709) 43 
18 |3.2891160|3. 479949213. 695485413. 94076334. 2222928 4.5486344] 42 
19 |3.2921168]3 .4833267|3.6993139|3.9451379|4. 2273373 4.5545134} 41 
20 |3. 29512343. 4867110/3.7031506/3.9495224|4. 23239043 4.5604080| 40 
21 |3.2981357/3 .4901023]3.7069956/3.9539171|4. 2374637 4.5663183] 39 
22 |3.3011539]3 . 4935004/3.7108489]3.9583219|4. 2425457 4.5722444| 38 
23 |3.3041778/3. 4969055]3.7147105]3 .9627369|4. 2476402 4.5781862| 37 
24 /3.3072076)3.5003175/3.7185805|3.9671621/4. 2527474 4.5841439| 36 
25 |3.3102432/3 .5037365/3 .7224589|3.9715975|4. 2578671 4.5901174| 35 
26 /3.3132847]3 .5071625/3 .7263457|3 97604314. 2629996 4.5961070| 34 
27 |3.3163320}3.5105954/3.7302409/3.9804991]4. 2681449 4.6021126) 33 
28 /3.3193853/3.5140354/3.7341446|3 984965414. 2733029 4.6081343] 32 
29 |3.3224444/3.5174824/3.7380568]3 .9894421|4 2784738 4.6141722] 31 
30 |3.3255095]3 . 5209365]3.7419775|3.9939292 4.2836576]4.6202263/ 30 
31 /3.3285805/3 . 5243977 |3.7459068|3.9984267 4, 2888543]4.6262967] 29 
32 |3.3316575/3 . 52786603 .7498447|4 0029347 4.2940640/4.6323835] 28 
33 |3.3347405/3 .5313414|3.7537911]4.0074532/4. 2992867 4.6384867| 27 
34 /3.3378294/3 .5348240/3.7577462|4.011982314. 3045225 4.6446064/ 26 
35 |3.3409244/3 . 538313813 .7617100|4.0165219 4.38097715|4.6507427] 25 
36 |3.3440254]3.5418107|3.7656824|4 0210722 4.3150336/4.6568956] 24 
37 |3.3471324)/3 .5453149]3.7696636|4 . 0256332 4.3203090|4.6630652] 23 
38 |3.3502455/3 . 5488263|3.773653514 . 0302048 4.3255977|4.6692516| 22 
39 |3.3533647]3 .5523450|3.7776522|4 0347872 4.3308996/4.6754548) 21 
40 |3.3564900]3 . 5558710]3.7816596|4.0393804 4.3362150/4.6816748} 20 
41 /3.3596214|3 . 5594042]3 .7856760|4.0439844 4+.3415438]4.6879119] 19 
42 |3.3627589]3 .5629448/3.7897011|4. 0485992 4.3468861]4.6941660] 18 
43 |3.3659026/3 . 5664928]3 79373524 0532249 4.3522419]4.7004372] 17 
44 |3.3690524/3 .5700481|3.7977782|4.0578615 4.3576113}4.7067256] 16 
45 |3.3722084/3 .5736108/3.8018301/4.06250Q1 4.3629943]/4.7130313] 15 
46 |3.3753707|3 .5771810|3.8058911]4.0671677 4.3683910)]4.7193542| 14 
47 |3.3785391|3 . 5807586/3.8099610|4.0718374 4.3738015/4.7256945| 13 
48 |3.3817138/3 .5843437|3.814039914.0765181 4.3792257 |4.7320524| 12 
49 |3.3848948/3 .5879362|3.8181280]4.0812100 4.3846638]4.7384277] 11 
50 |3.8880820]3 .5915363]3.8222251/4.0859130 4.3901158}4.7448206] 10 
51 /3.3912755/3 .5951439|3.8263313 4.0906272/4.3955817/4.7512312 
52 |3.3944754)3. 5987590]3. 8304467 |4 0953526 4.4010616|4.7576596 
53 |3.3976816]3 .6023818]3.834571314. 1000893 4. 4065556 |4.7641058 
54 |3.4008941/3 .6060121]3. 83870524. 1048374 4. 4120637 |4.7705699 
55 |3.4041130]3 .6096501|/3.8428482]4. 1095967 |4.4175859 |4.7770519 
56 /3.4073382/3 613295713 .8470006|4. 1143675 4. 4231224 /4 7835520 
57 Ba yoaeod Bete e90 3.8511622/4.1191498]4. 428673114.7900702 

t : 4 4 4 

3 3 4 4 4 

3 3 4 4 4 














| intestate 











~ 


eanaqedsas| > 





HAA AAA OOHN CLOLOVOLTI OTOL NST ANANTH PEPE EP PE PR RR RRR IR PRR RRR RR RR 


78° 


. 80973435 
. 8163258 
. 8229357 
. 8295643 
. 8362114 
. 8428774 
. 8495621 
- 8562657 
. 8629883 
. 8697299 
. 8764907 


.8832707 
. 8900700 
. 8968886 
.9037267 
-9105844 
.9174616 
.9243586 
. 9312754 
. 9382120 
. 9451687 


.9521453 
.9591421 
.9661591 
. 9731964 
. 9802541 
. 9873323 
.9944311 
.0015505 
.0086907 
.0158517 


.0230337 
.0302367 
.0374607 
.0447060 
.0519726 
- 0592606 
. 0665701 
.0739012 
.0812539 
- 0886284 


.0960248 
. 1034431 
. 1108835 
. 1183461 
. 1258309 
. 1333381 
. 1408677 
. 1484199 
. 1559948 
. 1635924 


. 1712128 
- 1788563 
. 1865228 


1942125 


- 2019254 
- 2096618 


2174216 


- 2252050 
. 2330121 
- 2408431 


116 

















AND COSECANTS 
NATURAL SECANTS 





























NATURAL COSECANTS 











= 


79° 80° 81° 82° 83° 
5.2408431|5.7587705|5 .3924532|7 . 1852965]8 . 2055090 
5. 2486979 |5.7682867 |6 . 404215417 . 2001996 |8 . 2249952 
5. 2565768|5.7778350|6 .4160216|7 . 2151653] 8. 2445748 
5. 2644798|5.7874153|6 .4278719]|7 .2301940|8 . 2642485 
5.2724070|5.7970280|6 .4397666|7 .2452859/8 . 2840171 
5. 2803587 |5.8066732|5 .4517059|7 .2604417/8. 3038812 
5. 2883347|5.8163510|6 .4636901/7 .2756616|8 . 3238415 
5 .2963354/5 .8260617|6 .4757195|7 . 29094608 . 3438986 
5.3043608/5. 8358053 |6 .4877944|7 .3062954/8 . 3640534 
5.3124109/5.8455820)6 .4999148]7 .3217102/8. 3843065 
5.3204860|5.8553921|6 .5120812|7 .3371909/8. 4046586 
5.3285861 5. 8652356 |6 .5242938]7 . 3527377 |8.4251105 
5.3367114|5. 87511286 .5365528|7 .3683512|8 4456629 
5.3448620|5. 88502386 . 5488586|7 .3840318/8. 4663165 
5.3530379|5. 89496886 .5612113|7 .3997798|8. 4870721 
5 .3612393|5.9049479|6 .5736112|7 .4155959/8 . 5079304 
5.3694664]5.9149614]6 . 5860587 |7 .4314803/8 . 5288923 
5.3777192]5.9250095|6 .5985540|7 .4474335/8. 5499584 
5.3859979|5.9350922|6.6110973)7 .4634560/8.5711295 
5. 3943026 |5.9452098]6 .6236890)7 .4795482/8 . 5924065) ' 
5.4026333/5.9553625)5.6363293|7 .4957106|8.6137901 
5.4109903]5.9655504|6 .6490184]7 . 5119437 |/8.6352812 
5.4193737|5.9757737 |6 .6617568|7 . 5282478/8 .6568805 
5.4277835]5 . 9860326 |6 .6745446|7 . 5446236 |8 .6785889 
5.4362199|5.9963274|6.6873822|7 .5610713|8. 7004071 
5.4446831)|6 .0066581)6 .7002699]7 .5775916|8.7223361 
5.4531731]6 .0170250|6 .7132079|7 . 5941849 |8 .7443766 
5.4616901]6 .0274282/6 .7261965|7 .6108516 |8. 7665295 
5.4702342|6 .0378680|6 .7392360|7 .6275923|8 .7887957 
5.4788056|6 .0483445|6 . 7523268 /7 .6444075|8. 8111761 
5.4874043|6 .0588580|5 .7654691|7 .6612976|8. 8336715 
5.4960305|6 .0694085|5 .7786632|7 .6782631 8. 8562828 
5. 5046843|6 .0799964 |6.7919095)7 .6953047 |8.8790109 
5.5133659|6 .0906219 |6 . 8052082|7 . 7124227 |8 .9018567 
5.5220754|6. 1012850|6 . 8185597 |7 .7296176|8 .9248211 
5. 5308129|6. 11198616 .8319642|7 .7468901/8.9479051 
553957866 . 12272536 .8454222|7 .7642406|8.9711095 
5. 5483726 |6 . 1335028 |6 . 8589338]7 . 7816697 |8 .9944354 
5.5571951|6. 14431896. 8724995|7 .7991778/9 .0178837 
5.5660460]|6 . 1551736]. 8861195|7 . 8167656 |9 .0414553 
5.5749258|6 . 1660674|6.8997942|7 .8344335|9 0651512 
5. 583834316 .1770003]6 .9135239 |7 . 8521821]9 .0889725 
5.5927719|6.1879725|6 .9273089|7 .8700120]9 . 1129200 
5.6017386|6 . 1989843]6.9411496|7 .8879238]9 . 1369949 
5.6107345]6 . 2100359 |6 .9550464|7 .9059179]9. 1611980 
5.6197599|6 .2211275|6 .9689994|7 .9239950]9 . 1855305 
5.6288148]|6 . 2322594 |6 .9830092|7 .9421556]9 . 2099934 
5.6378995|6 . 2434316|6 .9970760|7 .9604003]9 . 2345877 
564701406 . 2546446 ]7 .0112001|7 .9787298/9 . 2593145 
5.6561584|6 . 2658984 |7 .0253820]7 .9971445|9 . 2841749 
5.6653331|6 . 2771933|7 .0396220/8.0156450/9 . 3091699 
5.6745380|6 . 2885295]7 .0539205/8 .0342321|9 . 3343006 
5. 68377346 . 2999073|7 .0682777 |8 . 952906219 . 3595682 
5.6930393|6.3113269|7 .0826941/8.0716681)|9 . 3849738 
5.7023360|6. 32278847 .0971700/8.0905182}9 . 4105184 
5.7116636|6 .3342923/7 .1117059|8. 10945739 . 4362033 
5. 72102236 . 34583867 . 1263019}8. 1284860]9 . 4620296 
5.7304121|6.3574276|7 . 1409587 |8. 14760489 . 4879984 
5.7398333|6.3690595|7 .1556764|8. 1668145/9. 5141110 
5.7492861|6 . 3807347 |7 . 1704556|8. 1861157 |9 . 5403686 
5.7587705|6. 3924532)7 . 1852965|8. 2055090/9 . 5667722 
10° os 8° 7° 6° 


~ 


X 
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NATURAL SECANTS 


~ 








84° 


85° 


86° 


87° 


88° 


89° 


CONOR WONH OS 


ODOODODD OODODDDODDODS 


10 
10 





ee ERO CEEUANERY CO 


- 5667722 
- 5933233 
- 6200229 
.6468724 
- 6738730 
. 7010260 
- 7283327 
» 7557944 
- 7834124 
- 8111880 
- 8391227 


. 8672176 
-8954744 
- 9238943 
- 9524787 


9812291 
-010147 
- 039234 
-068491 
-097920 
. 127522 


- 157300 
. 187254 
. 217386 
. 247697 
- 278190 
- 308866 
- 339726 
.3870772 
-402007 
-433431 


-465046 
-496854 
- 528857 
- 561057 
.593455 
-626054 
- 658854 
-691859 
. 725070 
. 758488 


- 792117 
. 825957 
- 860011 
-894281 
- 928768 
. 963476 
- 998406 
- 033560 
- 068940 
- 104549 


- 140389 
- 176462 
. 212770 
. 249316 
- 286101 
- 323129 
- 360402 
. 897922 
-435692 


-473713 


5° 














- 335587 
. 395471 
- 455859 
- 516757 
. 578172 
- 640109 


- 765580 
- 829128 
- 893226 
. 957882 


-023103 
- 088896 
- 155270 
. 222231 
- 289788 
- 357949 
-426721 
-496114 
. 666135 
- 636793 


. 708096 
. 780054 
- 852676 
. 925971 
. 999948 
-074617 
- 149987 
- 226069 
- 302873 
- 3880408 


-458686 
-537717 
-617512 
- 698082 
- 779439 
. 861594 
-944559 
-028346 
- 112966 
. 198434 


- 284761 
-371960 
- 460046 
- 549030 
.638928 
.729753 
- 821520 
-914243 
.007937 
. 102619 


- 198303 
- 295005 
- 392742 
-491530 
. 591387 
.692330 
- 794377 
-897545 
9.001854 

9.107323 


3° 


- 702576] 1 





24 


24. 
24. 
25. 
25. 
25. 
25. 
25. 
26. 
26. 
26. 


26. 
26. 
27. 
27. 
27. 


27 


27, 
28. 
28. 


28 





- 139169 
. 388124 
- 641373 
. 899026 
- 161201 
-428017 
-699598 
- 976074 
» 257577 


. 544246 
- 836225 
- 133663 
-436713 
- 745537 
. 060300 
- 381176 
- 708345 
-041994 
. 382316 


.729515 
- 083800 
-445391 
- 814517 
-191414 
- 576332 
969528 
371273 
781849 
201550 


630683 
069571 
518549 
977969 
448201 
929630 
422660 
922717 
445245 
975713 


519612 
077458 
649795 
237195 
840260 
459625 
095961 
749974 
422411 
114062 


825762 
558396 
312902 
090272 
891564 
717896 
570464 
450534 
359462 








. 107323 |28 .653708)57 . 298688 
.213970]28 . 89439858. 269755 
.3821816}29 
- 430882 |29 
- 541187 |29 
- 652754} 29 
-765604/30 
. 87975830 
-995241/30 
-112075)}30 
- 230284 |31 


.349893}31 
-470926)|31 
- 593409 |32 
. 71736832 
. 84283032 
-969824/33 
-098376/33 
-228515/33 
- 3860272 /34 
-493676 |34 


- 628759 |34 
- 765553 |35 
-904090/35 
-044403/35 
- 18652836 
- 330499 |36 
-476353/36. 
-624126/37. 
- 773857 |37. 
- 925586 |38. 


.079351]38. 
-235196/39. 
-393161/39. 
-553291/39. 
-715630/40. 
.880224/40. 
-047121/41. 
-216370/41. 
-388020}42. 
-562123/42. 


738731/43. 
917900/44. 
099685]44. 
284144/45. 
47133745. 
661324/46. 
854169} 47. 
049937 |47. 
248694148. 
450510/49. 


655455] 49 . 
863603|50. 
075030]51. 
289814|52. 
508035]52. 
6729777153. 
955125}54. 
184168]55. 
41699756. 

.653708] 57 . 


59 . 274308 
60.314110 
61.391050 
62. 507153 
63.664595 
64. 865716 
66. 113036 
57 .409272 
68.757360 


70.160474 
71.622052 
73. 145827 
74.735856 
76 .396554 
78.132742 
79 .949684 
81.853150 
83. 849470 
85 .945609 


88. 149244 
90. 468863 
92.913869 
95.494711 
98. 223033 
101.11185 
104.17574 
107 .43114 
110.89656 
114.59301 


118.54440 
122.77803 
127 .32526 
132 .22229 
137.51108 
143. 24061 
149 .46837 
156 . 26228 
163.70325 
171.88831 


180 .93496 
190 .98680 
202 .22122 
214.85995 
229.18385 
245. 55402 
264 .44269 
286 .47948 
312.52297 
343.77516 


381 .97230 
429.71873 
491.10702 
572 .95809 
687 .54960 
859 . 43689 
1145.9157 
1718.8735 
3437 .7468 


298688] Infinite 


ye, 
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COMPARISON OF TABLES 273 


COMPARISON OF TABLES XXIX AND XXIXA 
Definitions 


The versine =1— cosine. 
The exsecant =secant —1, or secant =exsecant+1 


Table X XIX gives, in addition to the versine, values of 
the exsecant. 

Table XXIXA—NaturAL Srecants AND CosEcANTs is 
obtained from the equation above, viz., secant =exsecant+1. 
Use of this table avoids adding 1 to each quantity in the 
exsecant part of Table X XIX. 


Note. For angles beyond 90° the following explanation 
will aid in use of Tables XXVI and XXIX. 


VERSINE FOR ANGLES BEYOND 90 DEGREES 


In Tables XX VI and XXIX the values of log versine and 
nat versine are extended to 90°. 

When the given angle A is greater than 90°, make the 
following substitution: 


log vers A =log 2 sin?— 4A, 
or 
vers A =1 + sin(A —90°). 


Whatever be the value of A, vers A is always positive. 


The exsecant of the supplement of an angle is the same 
as exsecant of the angle itself but with a change of sign; . 
thus, j 

exsec A = — exsec (180°—A). 
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Depth Base | Base | Base | Base | Base | Base | Base | Base 
d 12 14 16 18 22 24 26 28 
1 45 53 60 68 82 90 97 105 
2 93 107 122 137 167 181 196 211 
3 142 163 186 208 253 205 297 319 
4 193 222 252 281 341 70 400 430 
5 245 282 319 356 431 468 505 542 
6 300 344 389 433 522 567 611 656 
7 356 408 460 512 616 668 719 U7 
8 415 474} 533 593 711 770 830 889 
9 475 542 608 675 808 875 942 1008 
10 5387 611 685 759 907 981 1056 1130 
11 601 682 764 845 1008 1090 1171 1253: 
12 667 756 844 933 1111 1200 1289 1378 
13 734 831 926 1023 1216 1312 1408 1505 
14 804 907 1010 1115 1322 1426 1530 1633 
15 875 986 1096 1208 1431 1542 1653 1764 
16 948 1067 1184 1304 1541 1659 1778 1896 
17 1023 1149 1274 1401 1653 1779 1905 2081 
18 1100 1233 1366 1500 1767 1900 2033 2167 
19 1179 1319 1460 1601 1882 2023 2164 2305 
20 1259 1407 1555 1704 2000 2148 2296 2444 
21 1342 1497 1653 1808 2119 2275 2431 2586 
22 1426 1589 1752 1915 2241 2404 2567 2730 
23 1512 1682 1853 2023 2364 2534 2705 2875 
24 1600 778 1955 2133 2489 2667 2844 8022 
25 1690 1875 2060 2245 2616 2801 2986 81741 
26 1781 1974 2166 2359 2744 29287 8130 3322 
Pail 1875 2075 2274 2475 2875 8075 827 3475 
28 1970 2178 2384 2593 3007 3215 3422 3630 
29 2068 2282 2496 2712 3142 8356 8571 786 
30 2167 2389 2610 2833 8278 3500 8722 3944 
31 2268 2497 2726 2956 3416 3645 8875 4105 
82 2370 2607 2844 3081 3556 3793 4020 4267 
33 2475 2719 2964 3208 3697 3942 4186 443% 
84 2581 2833 8085 3337 3841 4093 4344 4596 
85 2690 2949 8208 3468 8986 4245 4595 4764 
36 2800 8067 3333 3600 4133 4400 4667 4933 
37 2912 3186 3460 3734 4282 4556 4831 5105 
88 3026 3307 3589 387 4433 4715 4996 5278 
39 3142 3431 8719 4008 4586 4875 5164 5453, 
40 8259 8556 8852 4148 4741 5037 5333 5630 
41 3379 8682 3986 4290 4897 5201 5505 5808 
42 3500 8811 4122 4433 5056 5367 5678 5989 
43 3623 3942 4260 4579 5216 55384 5853 6171 
44 3748 407 4400 4726 5378 5704 6030 6356 
45 3875 4208 4541 4875 5542 5875 6208 6542 
46 4004 4344 4684 5026 5707 6048 6389 6730 
47 4134 4482 4830 5179 5875 6223 6571 6919 
48 4267 4622 4978 5333 6044 6400 6756 7111 
49 4401 4764 5127 5490 6216 6579 6942 7305 
50 4537 4907 5278 5648 6389 6759 7130 7500 
51 4675 5053 5430 5808 6564 6942 7319 7697 
52 4815 5200 5584 5970 6741 7126 7511 7896 
53 4956 5349 5741 6134 6919 7312 7705 8097 
5100 5500 5900 6300 7100 7500 7900 8300 
55 5245 5653 6060 6468 7282 7690 8097 8505 
56 5393 5807 6222 6637 7467 7881 8296 8711 
57 5542 5964 6386 6808 7653 8075 8497 8919 
58 5693 6122 6552 6981 7841 8270 8700 9130 
59 5845 6282 6719 7156 8031 8468 9342 
60 6000 6444 6889 7333 8222 8667 9111 9556 
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Depth | Base 
d 12 
1 46 
2 96 
3 150 
4 207 
5 269 
6 333, 
ug 402 
8 474 
9 550 
10 630 
11 713 
12 800 
13 891 
14 985 
15 1083 
16 1185 
17 1291 
18 1400 
19 1513 
20 1630 
21 1750 
22 1874 
23 2002 
24 2133 
25 2269 
26 2407 
27 2550 
28 2696 
29 2846 
30 8000 
81 3157 
32 3319 
33 3483 
34 3652 
85 8824 
36 4000 
387 4180 
38 4363 
39 4550 
40 4741 
41 4935 
42 5133 
43 5335 
44 5541 
45 5750 
46 5963 
AT 6180 
48 6400 
49 6624 
50 6852 
51 7083 
52 7319 
53 (557 
54 7800 
55 8046 
56 8296 
57 8550 
58 8807 
59 9069 
60 9383 











Base 
14 








Base 


16 


61 
126 
194 
267 


9394 
9667 
9943 
10222 





Base 


18 





69 
141 
217 
296 
380 
467 
557 


Base 


22 











Base 


24 


iY 
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Base 
26 





12128 


275. 





Base 


28 
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| | 
Depth Base | Base | Base | Base | Base | Base | Base | Base 
d 12 14 16 18 20 28 30 32 
1 48 56 63 70 7 107 115 122 
2 104 119 133 148 163 222 237 252 
3 167 189 211 233 256 344 367 389 
4 237 267 296 326 356 47 504 533 
5 815 852 389 426 463 611 648 685 
6 400 444 489 533 578 756 800 844 
v4 493 544 596 648 700 907 959 1011 
8 593 652 11 770 830 1067 1126 1185 
9 700 767 833 100 967 1233 1800 1367 
10 815 889 963 1037 1111 1407 1481 1556 
11 937 1019 1100 1181 1263 1589 1670 1752 
12 1067 1156 1244 1333 1422 1778 1867 1956 
13 1204 1800 1396 1493 1589 197. 207 2167 
14 1348 1452 1556 1659 1763 2178 2281 
15 1500 1611 1722 1833 1944 2389 2500 2611 
16 1659 1778 1896 2015 2133 2607 2726 2844 
i 1826 1952 2078 2204 2330 2833 2959 3085 
18 2000 2133 2267 2400 2533 3067 8200 3333 
19 2181 2322 2463 2604 2744 3307 3448 3589 
20 2370 2519 2667 2815 2963 3556 3 3852 
21 2567 2722 2878 3033 3189 3811 3967 4122 
22 2770 2933 3096 3259 3422 4074 4237 4400 
23 2981 3152 3322 3493 3663 4515 4685 
24 3200 3378 3556 3733 3911 4622 4800 497 
25 3426 3611 3796 8981 4167 4907 5093 5278 
26 3659 3852 4044 4237 4430 5200 5393 5585 
27 3900 4100 4300 4500 4700 5500 5700 5900 
28 4148 4356 4563 4770 4978 5807 6015 6222 
29 4404 4619 4833 5048 5263 6122 6337 6552 
30 4667 4889 5111 5333 5556 6667 6889 
81 4937 5167 5396 5626 5856 6774 7233 
82 5215 5452 5689 5926 6163 7111 7348 7585 
33 5500 57 5989 6233 6478 7456 7700 7944 
34 5793 6044 6296 6548 6800 "807 8059 8311 
35 6093 6352 6611 6870 7130 8167 8426 8685 
36 6400 6667 6933 7200 T467 8533 8800 9067 
37 6715 6989 7263 7537 78i1 8907 9181 9456 
38 7037 7319 7600 7881 8163 9289 957 9852 
39 7367 7656 7944 8233 8522 967 9967 | 10256 
40 7704 8000 8296 8593 8889 | 10074 | 10370 | 10667 
41 8048 8352 8656 8959 9263 | 10478 | 10781 | 11085 
42 8400 8711 9022 9333 9644 | 10889 | 11200 | 11511 
43 8759 907 9396 9715 | 10083 | 11807 | 11626 | 11944 
44 9126 9452 10104 | 10480 | 11733 | 12059 | 12385 
45 9500 9883 | 10167 | 10500 | 10883 | 12167 | 12500 | 12833 
46 9881 | 10222 | 10563 | 10904 | 11244 | 12607 | 12948 | 13289 


47 10270 | 10619 | 10967 | 11815 | 11663 | 13056 | 13404 | 13752 


14700 
50 11481 | 11852 | 12222 | 12503 | 12963 | 14444 | 14815 | 15185 
51 11900 | 12278 | 12656 | 18083 | 18411 | 14922 | 15300 | 15678 
52 12326 | 12711 | 13096 | 13481 | 138867 | 15407 | 15793 | 16178 
53 12759 | 18152 | 18544 | 13937 | 14880 | 15900 | 16293 | 16685 
54 18200 | 13600 | 14000 |} 14400 | 14800 | 16400 | 46800 | 17200 
55 18648 | 14056 | 14463 | 1487 15278 | 16907 | 17315 | 177 
56 14104 | 14519 | 14983 | 15348 | 15763 | 17422 | 17837 | 18252 
57 14567 | 14989 | 15411 | 15883 | 16256 | 17944 | 18367 | 18789 
58 15037 | 15467 | 15896 | 16326 | 16756 | 18474 | 18904 | 19833 
59 15515 | 15952 | 16389 | 16826 7263 | 19011 | 19448 | 19885 
60 16000 | 16444 | 16889 | 173833 | 17778 | 19556 | 20000 | 20444 


i= 
eo} 
= 
3 
So 
a 
e 
_ 
me 
3 
a 
_ 
~ 
_ 
or 
Ve) 
8 
8 
= 
ie) 
$ 
rN 
ra 
_ 
8 
xX 
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Depth 
d 
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Ba se 
12 


49 
107 
1% 


9185 
9605 


10471 
10919 
11375 
11841 
12316 
12800 
13294 
13796 


14308 
14830 
15360 
15900 
16449 
17007 
17575 
18152 
18738 
19333 











Base | Base 
14 16 
56 64 
122 1387 
197 219 
281 311 
375 412 
478 522 
590 642 
711 770 
842 908 
981 1056 
1131 1212 
1289 1378 
1456 1553 
1633 1737 
1819 1931 
2015 2133 
2219 2345 
2433 2567 
2656 2797 
2889 3037 
3131 3286 
3381 3544 
3642 8812 
8911 4089 
4190 4375 
4478 4670 
4775 4975 
5081 5289 
5397 5612 
5722 5944 
6056 6286 
6400 6637 
6753 6997 
7115 7367 
7486 (745 
7867 8133 
8256 8531 
8656 8937 
9064 9353 
9481 9778 
9908 10212 
10344 10656 
10790 11108 
11244 | 11570 
11708 12042 
12181 12522 
12664 13012 
13156 13511 
13656 14019 
14167 14537 
14686 15064 
15215 15600 
15753 16145 
16300 16700 
16856 | 17264 
17422 17837 
17997 18419 
18581 19011 
19175 19612 
19778 | 20222 











i} 
Base 
18 





71 
152 
242 
341 
449 
567 
694 
830 
975 

1130 


1294 
1467 
1649 
1841 
2042 
2252 
2471 
2700 
2938 
3185 
3442 
3707 
3982 
4267 
4560 
4863 
5175 
5496 
5827 
6167 
6516 
6874 
7242 
7619 
8005 
8400 
8805 
9219 
9642 
10074 


10516 
10967 
11427 
11896 
12375 
12863 
13360 
13867 
14482 
14907 


15442 
15985 
16538 
17100 
17671 














Base | Base 
20 28 
th 108 
167 226 
264 353 
370 489 
486 634 
611 789 
745 958 
889 1126 
1042 1308 
1204 1500 
1875 1701 
1506 1911 
1745 2131 
1944 2359 
2153 2597 
2370 2844 
2597 8101 
2833 3367 
3079 3642 
3333 3926 
3597 4220 
3870 4522 
4153 4834 
4444 5156 
4745 5486 
5056 5826 
5375 6175 
5704 65:3 
6042 6901 
6389 [278 
6745 7664 
W11 8059 
7486 8464 
7870 8878 
8264 9301 
8667 9733 
9079 | 10175 
9500 | 10626 
9931 | 11086 
10370 11556 
10819 12034 
11278 | 12522 
11745 | 13020 
12222 13526 
12708 14042 
13204 | 14567 
13708 | 15101 
14222 | 15644 
14745 | 16197 
15278 | 16759 
15819 | 17331 
16370 | 17911 
16931 | 18501 
17500 | 19100 
18079 | 19708 
18667 | 20326 
19264 || 20953 
19870 | 21589 
20486 | 22284 
21111 | 22889 





Base 
30 





22019 
22671 
23333 
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Base 
32 


123 
256 
397 
548 
708 
878 
1056 
1244 
1442 
1648 


1864 
2089 
2323 
2567 
2819 
3081 
8353 
3633 
3923 
4222 


4531 
4848 
5175 
5511 
5856 
6211 
6575 
6948 
7331 
7722 


8123 
8533 
8953 
9381 


16923 
17500 


18086 
18681 
19286 
19900 
20523 
21156 
21797 
22448 
23108 








23778 
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ene 





Depth | Base | Base | Base | Base | Base | Base Base | Baso 
14 16 18 20 28 30 32 


57 65 (2 80 109 117 124 
126 141 156 170 230 244 259 
206 228 250 272 861 383 406 
296 826 356 885 504 533 563 
398 435 472 509 657 694 731 
511 556 600 644 822 867 911 
685 687 %39 791 998 1050 1102 
770 830 889 948 1185 | 1244 1804 
917 983 1050 1116 1383 1450 1517 

“1074 1148 1222 1296 1593 1667 | 1741 


1248 1324 1406 1487 1813 1894 1976 
1422 1511 1600 1689 2044 2183 2222 


1815 1919 2022 2126 2541 2644 2748 
2028 2189 2250 2361 2806 2917 3028 
2252 2370 2489 2607 8081 3200 8319 
2487 2613 2739 2865 3369 3494 3620 
2733 2867 8000 3183 8667 8800 8933 














13037 | 18363 | 13689 | 14015 | 15819 | 15644 | 15970 | 
13583 | 13917 | 14250 | 14583 | 15917 | 16250 | 16583 | 
14141 | 14481 | 14822 fo7n6 16526 | 16867 | 17207 | 

5754 | 17146 | 17494 | 17843 | 
15289 | 15644 | 16000 | 16356 | 17778 | 18133 | 18489 | 
15880 | 16243 | 16606 | 16968 | 18420 | 18783 | 19146 | 
16481 | 16852 | 17222 | 17592 | 19074 | 19444 | 19815 | 


17094 | 17472 | 17850 | 18228 | 197389 | 20117 | 20494 | 
17719 =| 18104 | 18489 | 18874 | 20415 | 20800 | 21185 || 
18354 | 18746 | 19139 | 19531 |.21102 | 21494 | 21887 |, 
19000 | 19400 | 19800 | 20200 | 21800 | 22200 | 22600 | 
19657 | 20065 | 20472 | 20880 | 22509 | 22917 | 23324 |. 
20326 | 20741 | 21156 | 21570 | 23230 | 23644 | 24059 | 
21006 | 21428 | 21850 | 22272 | 23961 | 24383 | 24805 } 
21696 | 22126 | 22556 | 22985 | 24704 | 25133 | 25563 
22398 | 228385 | 238272 | 23709 | 25457 | 26894 | 26382 . 
23111 | 28556 | 24000 | 24444 | 26222 | 26667 | 27111) 





















Gece 
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d 





© O00 =F O OT A OD DD HE 





SLOPES 2:1 



































Base Base Base Base Base Base Base Base 
12 14 16 18 20 23 30 32 
52 59 67 74 81 11 119 126 
119 133 148 163 178 { 237 252 267 
200 222 244 267 289 378 400 422 
296 326 356 385 415 533 563 593 
407 444 481 519 556 704 741 78 
533 578 622 667 711 889 933 978 
674 726 778 830 881 1089 1141 1193 
830 889 948 1007 1067 1304 1363 1422 
1000 1067 1133 1200 1267 1533 1600 1667 
1185 1259 1333 1407 1481 1778 1852 1926 
1885 1467 pe 1630 1711 2037 2119 2200 
1600 1689 778 1867 1956 2311 2400 2489 
1830 1926 Ps 2119 2215 2600 2696 2798 
2074 2178 2281 2385 2489 2904 8007 3111 
2333 2444 2556 2667 27°78 8222 3333 3444 
2607 2726 2844 2963 3081 3556 3674 3793 
2896 3022 3148 3274 3400 3904 4030 4156 
3200 $323 3467 3600 3733 4267 4400 4583 
3519 3659 3800 3941 4081 4644 4785 4926 
8852 4000 4148 4296 4444 50387 5185 5333 
4200 4356 4511 4667 4822 5444 5600 5756 
4563 4730 4889 5052 5215 5867 6030 6193 
4941 5111 5281 5452 5622 6304 6474 6644 
5333 5511 5689 5867 6044 6756 6933 7111 
5741 5926 6111 6296 6481 7222 7407 7593 
6163 6356 6548 6741 6933 7704 7896 8089 
6600 6800 %000 7200 7400 8200 8400 8600 
7052 7259 7467 674. 7881 8711 8919 9126 
7519 7733 7948 8163 8378 9237 9452 9667 
8000 8222 8444 8667 8889 9778 | 10000 | 10222 
8496 8726 8956 9185 9415 | 10383 | 10563 | 10793 
9007 9244 9481 9719 9956 10904 11141 11378 
9533 9778 | 10022 | 10267 | 10511 | 11489 | 11733 | 11978 
10074 | 10326 | 10578 | 10880 |.11081 | 12089 | 19841 | 12593 
10680 | 10889 | 11148 | 11407 | 11667 | 12704 | 12963 | 13992 
11200 | 11467 | 11733 | 12000 | 12267 | 13383 | 13600 | 13867 
11785 | 12059 | 12833 | 12607 | 12881 | 13978 | 14252 | 14596 
12385 | 12667 | 12948 | 138230 | 13511 | 14637 | 14919 | 15200 
13000 | 18289 | 18578 | 13867 | 14156 | 15311 | 15600 | 15889 
13630 | 18926 | 14222 | 14519 | 14815 | 16000 | 16296 | 16598 
14274 | 14578 | 14881 | 15185 | 15489 | 16704 | 17007 | 17811 
14983 | 15244 | 15556 | 15867 | 16178 | 17422 | 17733 | 18044 
15607 | 15926 | 16224 | 16563 | 16881 | 18156 | 18474 | 18793 
16296 | 16622 | 16948 | 17274 | 17600 | 18904 | 19280 | 19556 
17000 | 17333 | 17667 | 18000 | 18383 | 19667 | 20000 | 20333 
17719 |'18059 | 18400 | 18741, | 19081 | 20444 | 20785 | 21226 
18452 | 18800 | 19148 | 19496 | 19844 | 21987 | 21585 | v19383 
19200 | 19556 | 19911 | 20267 | 20622 | 22044 | 22400 | 22756 
19963 | 20326 | 20689 | 21052 | 21415 | 22867 | 23230 | 23593 
20741 | 20711 | 21481 | 21852 | 22222 | 298704 | 24074 | 24444 
215383 | 21911 | 22289 | 22667 | 23044 | 24556 | 24933 | 25811 
22341 | 22726 | 23111 | 23496 | 23881 | 25422 | e5807 | 26193 
23163 | 23556 | 23948 | 24341 | 24733 | 26304 | 26696 | 27089 
24000 | 24400 | 24800 | 25200 | 25600 | 27200 | 27600 | 28000 
24852 | 25259 | 25667 | 26074 | 26481 | 28111 | 28519 | 28926 
25719 | 26183 | 26548 | 26963 | 27378 | 29037 | 29452 | 290867 
| 26600 | 27022 | 27444 | 27867 | 28289 | 29978 | 30400 | 30892 
27496 | 27926 | 28356 | 28785 | 29215 | 30933 | 31363 | 31793 
28407 | 28844 | 29281 | 29719 | 30156 | 31904 | 32341 | 32778 
29333 | 29778 | 80222 | 80667 | 31111 | 82889 | 33333 8 
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Depth | Base | Base | Base | Base | Base | Base | Base Base 






































d 12 14 16 18 20 28 80 32 
1 56 63 70 78 85 115 122 130 
2 133 148 163 7 193 252 267 281 
3 233 256 278 300 822 414 433 456 
4 356 385 415 444 474 593 622 652 
5 500 537 574 611 648 796 833 870 
6 667 veel 756 800 844 1022 1067 1111 
i 856 907 959 1011 1063 1270 13822 1374 
8 1067 1126 1185 1244 13804 1541 1600 1659 
9 1300 1367 1433 1500 1567 1833 1900 1967 

10 1556 1630 1704 1778 1852 2148 2222 2296 

i1 1833 1915 1996 2078 2159 2485 2567 2648 

12 2133 2222 2311 A 2489 2844 2933 3022 

13 2456 2552 2648 2744 2841 8226 8322 3419 

14 2800 2904 8007 8111 8215 3630 3733 3837 

15 3167 8278 3389 3500 3611 4056 4167 4278 

16 3556 8674 3793 38911 4030 4504 4622 4741 

17 38967 4093 4219 4344 4470 4974 5100 5226 

18 4400 4533 4667 4800 4933 5467 5600 5733 

19 4856 4996 5137 527 5419 5981 6122 6263 

20 5333 5481 5630 577 5926 6519 6667 6815 

21 5833 5989 6144 6300 6456 70% 7283 7389 

22 6356 6519 6681 6844 7007 7659 7822 7985 

23 6900 70% (241 G41 7581 8263 8433 8504 

24 7467 7644 71822 8000 8178 8889 9067 9144 

25 8056 8241 8426 8611 8796 95387 9722 9807 

26 8667 8859 9052 9244 9437 | 10207 | 10400 | 10593 

27 9300 $500 9700 9900 | 10100 | 10900 | 11100 | 11800 

28 9956 | 10163 | 10370 | 10578 | 10785 | 11615 | 11822 | 12030 




















56 373383 | 87748 | 38163 38578 88993 | 40652 | 41067 | 41481 
57 88633 | 39056 | 89478 | 89900 | 40322 | 42011 | 42433 | 42856 


44252 | 
59 41300 | 41737 | 42174 | 42611 | 43048 | 44796 | 45233 | 45670 
60 42667 | 43111 | 43556 | 44000 | 44444 | 46222 | 46667 | 47111 




















XXXI.—TRIANGULAR PRISMS. CU.YDS. PER 50 281 
ES = Sg Be a eo ee 




















WIDTH. 
~ 
a0 
isc} 1 2 3 4 5 6 7 8 9 
0.1 093 185 278 370 463 566 8 74) 833 
2 185 370 556 741 -926 | 1.111 | 1.296} 1.481 | 1.667 
3 278 556 833 | 1.111] 1.389 | 1.667 | 1.944 2.222 | 2.500 
4 370 741 | T.UMl | 1.481 | 1.852 | 2.222) 2.593) 2.963} 3.333 
5 463 926 | 1.889 | 1.852 | 2.3815 | 2.778 | 3.241 | 3.704 | 4.167 
6 556] 1.111 | 1.667 | 2.222] 2.778) 3.333 | 3.889 | 4.444] 5.000 
7 648} 1.296 | 1.944] 2.593 | 3.241] 3.889 | 4.5387 | 5.185 | 5.833 
8 741| 1.481 | 2.222 | 2.963 | 3.704] 4.444) 5.185 | 5.926 | 6.667 
9 833] 1.667 | 2.500 | 3.333 | 4.167 | 5.000} 5.833 | 6.667 | 7.500 
1.0 926) 1.852 | 2.77 3.704 | 4.630 | 5.556 | 6.481 | 7.407 | 8.383 


© 


2.500 5.000 | 7.500 | 10.000 | 12.500 | 15.000 | 17.500 | 20.000 | 22.500 
9.593 5.185 | 7.778 | 10.370 | 12.963 | 15.556 | 18.148 | 20.741 | 23.333 


2.778| 5.556 | 8.333 | 11.111 | 13.889 | 16.667 | 19.444 | 22.222 | 25.000 
2.870) 5.741 | 8.611 | 11.481 | 14.352 | 17.222 | 20.093 | 22.963 | 25.833 


i) 





3.6ll| 7.222 | 10.833 | 14.444 | 18.056 | 21.687 oe 28. 889 as 
3.704| 7.407 | 11.111 | 14.815 | 18.519 | 22.222 | 25.926 | 29.630 | 33.333 


3.796] 7.593 | 11.889 | 15.185 | 18.981 | 22.778 | 26.574 | 30.270 | 34.167 
3.889} 7.778 | 11.667 | 15.556 | 19.444 | 23.338 | 27.222 | 31.111 | 35.000 
3.981} 7.963 | 11.944 | 15.926 | 19.907 | 23.889 | 27.870 | 31.852 | 35.833 
4.074) 8.148 | 12.222 | 16.296 | 20.370 | 24.444 | 28.519 | 32.593 | 36.667 
4.167| 8.333 ; 12.500 | 16.667 | 20.833 | 25.000 | 29.167 | 33.333 | 37.500 
4.259] 8.519 | 12.778 | 17.037 | 21.296 | 25.556 | 29.815 | 34.074 | 38.333 
4.352| 8.704 | 18.056 | 17.407 | 21.759 | 26.111 | 30.463 | 34.815 | 39.167 
4.444} 8.889 | 13.333 | 17.778 | 22.222 | 26.667 | 31.111 | 35.556 | 40.000 
4.537) 9.074 | 13.611 | 18.148 | 22.685 | 27.222 | 31.759 | 36.296 | 40.833 
4.630) 9.259 | 13.889 | 18.519 | 238.148 | 27.778 | 32.407 | 37.037 | 41.667, 


4.722| 9.444 | 14.167 | 18.889 | 23.611 | 28.333 | 33.056 | 37.778 42.500 
4.815} 9.630 | 14.444 | 19.259 | 24.074 | 28.889 | 33.704 | 38.519 | 43.333 
4.907; 9.815 | 14.722 | 19.630 | 24.587 | 29.444 | 34.352 | 39.259 | 44.167 
5.000) 10.000 | 15.000 | 20.000 | 25.000 | 30.000 | 35.000 | 40.000 | 45.000 
5.093) 10.185 | 15.278 | 20.370 | 25.463 | 30.556 | 85.648 | 40.741 | 45.833 
5.185] 10.370 | 15.556 | 20.741 | 25.926 | 31.111 | 36.296 | 41.481 | 46.667 
5.278] 10.556 | 15.833 | 21.111 | 26.389 | 31.667 | 36.944 | 42.222 | 47.500 
5.370] 10.741 | 16.111 | 21.481 | 26.852 | 382.222 | 37.593 | 42.963 | 48.333 
5.463! 10.926 | 16.389 | 21.852 | 27.315 | 32.778 | 38.241 | 43.704 | 49.167 
5.556] 11.111 | 16.667 | 22.222 | 27.778 | 83.338 | 38.889 | 44.444 | 50.000 
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5.648] 11.296'} 16.944 | 22.593 | 28.241 | 33.889 | 89.537{| 45.185 
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5.926| 11.852 17.778 23.704 | 29.630 | 35.556 | 41.481 | 47.407 
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8.426] 16.852 | 25.278 | 38.704 | 42.130 | 50.556 | 58.981 | 67.407 
8.519} 17.037 | 25.556 | 34.074 | 42.593 | 51.111 | 59.630 | 68.148 


iy 
c—) 


_ 
roy 











ey 
SOD MRR WMH OOOIATAWHEH SODIRURWYH SOHURTRwWNWH SESHURTAwWNYH SOBIROAwWOH 
oo 
w 
ew 
w 
~ 
or 
ou 
for} 
g 
~ 
oa 
2 
oS 
Ss 
we 
Ww 
w 
i 
a 
a 
for 
= 
oy 
=: 
et 
on 
Cc 
8 





— 
~ 


11.111} 22.222 | 33.333 | 44.444 | 55.556 | 66.667 | 77.778 | 88.889 
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md) 4 2 3 4 5 6 9 8 9 
12.1/11.204] 22.407 | 38.611 | 44.815 | 56.019 | 67.222 | 78.426] 89.630] 100.833 
-2|11.296] 22.593 | 33.889 | 45.185 | 56.481 | 67.778 | 79.074! 90.370] 101.667 
.3/11.389] 22.778 | 34.167 | 45.556 | 56.944 | 68.333 | 79.722| 91.111] 102.500 
.4]11.481] 22.963 | 34.444 | 45.926 | 57.407 | 68.889 | 80.370] 91.852| 103.333 
-5/11.574] 23.148 | 34.722 | 46.296 | 57.870 | 69.444 | 81.019] 92.5931 104.167 
.6|11.667| 23.333 | 35.000 | 46.667 | 58.333 | 70.000 | 81.667| 93.3331 105.000 
-7)11.759| 23.519 | 35.278 | 47.037 | 58.796 | 70.556 { 82.315 94.074) 105.833 
-8|11.852) 23.704 | 35.556 | 47.407 | 59.259 | 71.111 } 82.963} 94.815] 106.667 
-9}11.944] 23.889 | 35.833 | 47.778 | 59.722 | 71.667 | 83.611} 95.556] 107.500 
13.0|12.037| 24.074 | 36.111 | 48.148 | 60.185 | 72.222 | 84.259] 96.296] 108.333 
.1|12.130| 24.259 | 36.389 | 48.519 | 60.648 | 72.778 | 84.907] 97.037] 109.167 
“2|12.222| 24.444 | 36.667 | 48.889 | 61.111 | 73.333 | 85.556] 97.778] 110.000 
/3/12.315) 24.630 | 36.944 | 49.259 | 61.574 | 73.889 | 86.204] 98.519] 110.933 
‘4|12.407] 24.815 | 37.222 | 49.630 | 62.037 | 74.444 | 96.852! 99.259] 111.667 
-5/12.500| 25.000 | 37.500 | 50.000 | 62.500 | 75.000 | 87.500] 100.000] 112.500 
-6/12.593] 25.185 | 37.778 | 50.370 | 62.963 | 75.556 | 88.148] 100.741] 113.333 
“7/12.685| 25.370 | 38.056 | 50.741 | 63.426 | 76.111 | 88.796] 101.481] 114.167 
/8|12.778| 25.556 | 38.333 | 51.111 | 63.889 | 76.667 | 99.444] 102.222] 115.000 
'9/12.870| 25.741 | 38.611 | 51.481 | 64.352 | 77.222 | 90.093] 102.963] 115.833 
14.0/12.963| 25.926 | 38.889 | 51.852 | 64.815 | 77.778 | 90.741} 103.704) 116.667 
.1/13.056] 26.111 | 39.167 | 52.222 | 65.278 | 78.333 | 91.399] 104.444! 117.500 
'2|13.148| 26.296 | 39.444 | 52.593 | 65.741 | 78.889 | 92.037] 105.185] 118.333 
{3/13.241| 26.481 | 39.722 | 52.963 | 66.204 | 79.444 | 92.685] 105.926] 119.167 
14]13.333| 26.667 | 40.000 | 53.333 | 66.667 | 80.000 | 93.333] 106.667 120.000 
15/13.426| 26.852 | 40.278 | 58.704 | 67.130 | 80.556 | 93.981] 107.407 120.833 
+6|13.519| 27.037 | 40.556 | 54.074 | 67.593 | 81.111 | 94.630] 108.148] 121.667 
“7|13.611| 27.222 | 40.833 | 54.444 | 68.056 | 81.667 | 95.278] 108.889] 122.500 
'8|13.704] 27.407 | 41.111 | 54.815 | 68.519 | 82.222 | 95.926] 109.630] 123.333 
-9|13.796] 27.593 | 41.389 | 55.185 | 68.981 | 82.778 | 96.574] 110.370 124.167 
15.0/13.889] 27.778 | 41.667 | 55.556 | 69.444 | 83.383 | 97.292] 111.111! 125.000 
.1/13.981} 27.963 | 41.944 | 55.926 | 69.907 | 83.889 | 97.870] 111.852] 125.833 
12]14.074] 28.148 | 42.222 | 56.296 | 70.370 | 84.444 | 98.519] 112.593] 126.667 
"3114.167| 28.333 | 42.500 | 56.667 | 70.833 | 85.000 | 99.167] 113.333] 127.500 
14}14.259] 28.519 | 42.778 | 57.037 | 71.296 | 85.556 | 99.815] 114.074] 128.333 
“5/14. 352| 28.704 | 43.056 | 57.407 | 71.759 | 86.111 | 100.463] 114.815! 129.167 
16l14.444] 28.889 | 43.333 | 57.778 | 72.222 | 86.667 | 101.111] 115.556| 130.000 
'7|14.537] 29.074 | 43.611 | 58.148 | 72.685 | 87.222 | 101.759] 116.296] 130.833 
+8114.630| 29.259 | 43.889 | 58.519 | 73.148 | 87.778 | 102.407] 117.037] 131.667 
 19|14. 722} 29.444 | 44.167 | 58.889 | 73.611 | 88.333 | 103.056] 117.778) 132.500 
-16.0/14.815| 29.630 | 44.444 | 59.259 | 74.074 | 88.889 | 103.704) 118.519) 133.333 
-1/14. 907] 29.815 | 44.722 | 59.630 | 74.587 | 99.444 | 104.352] 119.259] 134.167 
[2115000] 30.000 | 45.000 | 60.000 | 75.000 | 90.000 | 105.000} 120.000 135.000 
 13115.093] 30.185 | 45.278 | 60.370 | 75.463 | 90.556 | 105.648] 120.741] 135.833 
'4|15.185} 30.370 | 45.556 | 60.741 | 75.926 | 91.111 | 106.296] 121.481| 136.667 
15/15.278| 30.556 | 45.833 | 61.111 | 76.389 | 91.667 | 106.944] 122. 222) 137.500 
°6115.370] 30.741 | 46.111 | 61.481 | 76.852 | 92.222 | 107.593] 122.963] 138.333 
‘7/15. 463| 30.926 | 46.389 | 61.852 | 77.315 | 92.778 | 108.241] 123.704] 139.167 
18]15.556| 31.111 | 46.667 | 62.222 | 77.778 | 93.333 | 108.889} 124.444] 140.000 
'915.648) 31.296 | 46.944 | 62.593 | 78.241 | 93.889 | 109.537) 125.185| 140.833 
17.0|15.741| 31.481 | 47.222 | 62.963 | 78.704 | 94.444 | 110.185] 125.926] 141.667 
15.833] 31.667 | 47.500} 63.333 | 79.167 | 95.000 | 110.833] 126.667) 142.500 
15.926' 31.952 | 47.778 | 63.704 | 79.630 | 95.556 | 111.481] 127.407] 143.338 
16.019] 32.037 | 48.056 | 64.074 | 80.093 | 96.111 | 112.130] 128.148] 144.167 
16.111] 32.222 | 48.333 | 64.444 | 80.556 | 96.667 | 112.778] 128.889] 145.000 
16.204] 32.407 | 48.611 | 64.815 | 81.019 | 97.222 | 113.426) 129.630] 145.833 
16.296} 32.593 | 48.889 | 65.185 | 81.481 | 97-778 | 114.074] 130.370) 146.667 
 '7/16.389| 32.778 | 49.167 | 65.556 | 81.944 | 98.883 | 114.722] 131.111] 147.500 
- =glie.481| 32.963 | 49.444 | 65.926 | 82.407 | 98.889 | 115.370) 131.852] 148.333 
- '9/16.574| 33.148 | 49.722 | 66.296 | 82.870 | 99.444 | 116.019] 132.593 149.167 
18.0116.667| 33.333 | 50.000 | 66.667 | 83.333 |100.000 | 116.667] 133.333] 150.000 
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TABLE XXXI.—TRIANGULAR PRISMS 
WIDTH. 

a 
st 2 3 4 5 6 7 8 9 
16.759| 33.519 | 50.278 | 67.037 | 88.796 100.556) 117.315] 134.074] 150.833 
16.852) 33.704 | 50.556 | 67.407 | 84.259| 101.111) 117.963] 134.815] 151.667 
16.944| 33.880 | 50.833 | 67.778 | 84.722) 101.667| 118.611) 135.556) 152.500 
17.037] 34.074 | 51.111 | 68.148 | 85.185) 102.222] 119.259] 136.296] 153.333 
17.130| 34.259 | 51.389 | 68.519 | 85.648) 102.778| 119.907| 137.037| 154.167 
17.222] 34.444 | 51.667 | 68.889 | 86.111) 103.233) 120.556] 137.778| 155.000 
17.315| 34.630 | 51.944 | 69.259 | 86.574) 103.889) 121.204] 138.519) 155.833 
17.407] 34.815 | 52.222 | 69.630 | 97.037| 104.444] 121.852] 139.259] 156.667 
17.500] 35.000 | 52.500 | 70.000 | 87.500] 105.000! 122.500] 140.000! 157.500 
17.593] 35.185 | 52.778 | 70.370 | 87.963] 105.556] 123.148) 140.741| 158.333 
17.685] 35.370 | 53.056 | 70.741 | 88.426) 106.111) 123.796| 141.481) 159.167 
17.778| 35.556 | 53.333 | 71.111 | 88.889| 106.667| 124.444] 142.222] 160.006 
17.870| 35.741 | 53.611 | 71.481 | 99.352| 107.222] 125.093 142.963] 160.833 
17.963] 35.926 | 53.889 | 71.852 | 89.815| 107.778] 125.741| 143.704| 161.667 
18.056] 36.111 | 54.167 | 72.222 | 90.278| 108.333) 126.389| 144.444] 162.500 
18.148| 36.296 | 54.444 | 72.593 | 90.741] 108.889] 127.037| 145.185] 163.333 
18.241| 36.481 | 54.722 | 72.963 | 91.204! 109.444) 127.685] 145.926] 164.167 
18.333] 36.667 | 55.000 | 73.333 | 91.667/ 110.000| 128.333] 146.667! 165.000 
18.426| 36.852 | 55.278 | 73.704 | 92.130| 110.556| 128.981| 147.407] 165.833 
18.519| 37.037 | 55.556 | 74.074 | 92.593) 111.111| 129.630] 148.148] 166.667 
18.611| 37.222 | 55.833 | 74.444 | 93.056] 111.667) 130.278] 148.889) 167.500 
18.704| 37.407 | 56.111 | 74.815 | 93.519] 112.222) 130.926 149.630) 168.333 
18.796| 37.593 | 56.389 | 75.185 | 93.981| 112.778] 131.574] 150.370] 169.167 
18. 889| 37.778 | 56.687 | 75.556 | 94.444] 113.333/ 132.222| 151.111] 170.000 
18.981 37.963 | 56.944 | 75.926 | 94.907| 113.889] 132.870] 151.852] 170.833 
19.074| 38.148 | 57.222 | 76.296 | 95.370| 114.444) 133.519] 152.503] 171.667 
19.167) 38.833 | 7.500 | 76.667 | 95.833) 115.000) 134.167) 158.233) 172.900 
19.259] 38.519 | 57.778 | 77.037 | 96.2961 115.556| 134.815| 154.074 173.333 
19.352] 38:704 | 28.056 | 17 40r | 96756) L1e- tit] 195.4631 1b4 S15] Ina ter 
19.444) 38.889 | 58.333 | 77.778 | 97.222) 116.667] 136.111| 155.556] 175.000 
19.537| 39.074 | 58.611 | 78.148 | 97.685] 117.222] 186.759] 156.296] 175.838 
19.630| 39.259 | 58.889 | 78.519 | 98.148) 117.778] 137.407| 157.037| 176.667 
19.722| 39.444 | 59.167 | 78.889 | 98.611) 118.333] 138.056] 157.778] 177.500 
19.815| 39.630 | 59.444 | 79.259 | 99.074] 118.889| 138.704] 158.519] 178.333 
19.907| 39.815 | 59.722 | 79.630 | 99.537/ 119.444) 139.352| 159.259) 179.167 
20.000} 40.000 | 60.000 | 80.000 | 100.000) 120.000] 140.000] 160.000] 180.000 
20.093| 40.185 } 60.278 | 80.370 | 100.463) 120.556] 140.648) 160.7411 180.833 
20.185 40.370 | 60.556 | 80.741 | 100.926| 121.111] 141.296] 161.481| 181.667 
20.278] 40.556 | 60.833 | 81.111 | 101.389) 121.667| 141.944] 162.222] 182.500 
20.370| 40.741 | 61.111 | 81.481 | 101.852] 122.222] 142.593] 162.963] 183.333 
20.463| 40.926 | 61.389 | 81.852 | 102.315} 122.778] 143.241] 163. 704| 194.167 
20.556| 41.111 | 61.667 | 82.222 | 108.778| 123.333] 143.889] 164.444] 185.000 
20.648) 41.296 | 61.944 | 82.593 | 103.241| 123 889] 144.537] 165.195 185.833 
20.741] 41.481 | 62.222 | 82.963 | 103.704) 124.444) 145.185] 165.926 186.607 
20.833] 41.667 | 62.500 | 83.333 | 104.167| 125.000] 145.833] 166.667| 187.500 
20.926] 41.852 | 62.778 | 83.704 | 104.630! 125.556] 146.481| 167.407| 188.333 
21.019| 42.037 | 63.056 | 84.074 | 105.093) 126.111 147.130] 168.148] 189.167 
21.111| 42.222 | 63.333 | 84.444 | 105.556) 126.667 147.778| 168.889| 190.000 
21.204] 42.407 | 63.611 | 84.815 | 106.019| 127.222) 148.426] 169.630) 190.933 
21.296| 42.593 | 63.889 | 85.185 | 106.481) 127.778] 149.074] 170.370] 191.667 
21.389] 42.778 | 64.167 | 85.556 | 106.944] 128.333] 149.722] 171.111] 192.500 
21.481) 42.963 | 64.444 | 85.926 | 107.407, 128.889] 150.370! 171.852] 193.333 
21.574| 43.148 | 64.722 | 86.296 | 107.870] 129.444] 151.019] 172.593| 194.167 
21.667; 43.333 | 65.000 | 86.667 | 108.333] 130.000| 151.667 173.333] 195.000 
21.759| 43.519 | 65.278 | 87.037 | 108.796] 130.556) 152.315] 174.074] 195.838 
21.852 43.704 | 65.556 | 87.407 | 109.259] 131.111] 152.963] 174.815] 196.667 
21.944] 43.889 | 65.833 | 87.778 | 109.722] 131.667| 153.611 175.556] 197.500 
22.037] 44.074 | 66.111 | 88.148 | 110.185] 139.222] 154.259] 176.296] 198.333 
22.130| 44.259 | 66.389 | 88.519 | 110.648) 132.778] 154.907| 177.037) 199.167 
22.222| 44.444 | 66.667 | 88.889 | 111.111] 133.333) 155.556 200. 000 
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45.926 
46.111 
46.296 


46.481 
46. 667 
46. 852 
47.037 
47.222 
47.407 
47.593 
47.778 
47.963 
48.148 


48.333 


53.333 
63.519 
53.704 


53.889 
54.074 
54.259 
54.444 
54.630 
54: 815 
55.090 
55.185 


685} 55.370 


55.556 





66.944 
67.222 
67.500 
67.778 
68.056 
68.333 
68.611 
68.889 


77.500 
77.778 


78.056 
78.333 
78.611 
78.889 
79.167 
79.444 
79.722 
80.000 
80.278 
80.556 


80. 833 
81.111 
81.389 
81.667 
81.944 
82.222 
82.500 
82.778 
83.056 
83.333 





100.000 


100.370 
100.741 
101.111 


107.407 


107.778 
108 148 


111.111 


111.574 
112.037 
112.500 
112.963 
113.426 
113.889 
114.352 
114.815 
115.278 
115.741 


3] 116.204 


116.667 
117.130 
117.593 
118.056 
118.519 
118.981 
119.444 
119.907 
120.370 


120.833 
121.296 
121.759 
122.222 
122.685 
123.148 
123.611 
124.074 
124.537 
125.000 


125. 463 
125.926 
126.389 
126. 852 
127.315 
127.778 
128.241 
128.704 
129.167 
129.630 


130.093 
130.556 
131.019 
131.481 
131.944 
132.407 
132.870 
133. 333 
133.796 
134.259 


134.722 
135.185 
135.648 
136.111 
136.574 
137.037 
137.500 
137.963 
138. 426 





138.889 





133.889 
134.444 
135.000 
135.556 
136.111 
136. 667 
137.222 
137.778 
138.333 
138.889 


189.444 
140.000 
140.556 
141.111 
141.667 
142.222 
142.778 
143.333 
143.889 
144.444 


145.000 
145.556 
146.111 
146. 667 
147.222 
147.778 
148.333 
148.889 
149.444 
150.000 


150.556 
151.111 
151.667 
152.222 
152.778 
153.333 
153.889 
154.444 
155.000 
155.556 


156.111 
156. 667 
187. 222 
157.778 
158.333 
158.889 
159.444 
160.000 
160.556 
161.111 


161.667 
162. 222 
162.778 
163.333 
163. 889 
164.444 
165.000 
165.556 
166.111 
166.667 





156.204 
156. 852 
157.500 
158.148 
158.796 
159.444 


162.037 


162.685 
163.333 
163.981 
164.630 
165.278 
165.926 
166.574 
167.222 
167.870 
168.519 


169.167 
169.815 
170.463 
171.111 
171.759 
172.407 
173.056 
173.704 
174.352 
175.000 


175.648 
176.296 
176.944 
177.593 
178.241 
178.889 
179.537 
180.185 
180. 833 
181.481 


182 130 


185.370 
186.019 
186.667 
187.315 
187.963 


188.611 
189.259 
189.907 
190.556 
191.204 


193.796 
194.444 





178.519 


183.704 
184.444 
185.185 


185.926 
186.667 
187.407 
188.148 
188.889 
189.630 
190.370 
191.111 
191.852 
192.593 


193.333 
194.074 
194.815 
195.556 
196.296 
197.037 
197.778 
198.519 
199.259 
200.000 


200.741 
201.481 
202.222 
202.9638 
203.704 
204.444 
205.185 
205.926 
206. 667 
207.407 


208.148 
208.889 
209. 630 
210.370 
211.111 
211.852 
212.593 
213.333 
214.074 
214.815 


215.556 
216.296 
217.087 
217.778 
218.519 
219.259 
220.000 
220.741 
221.481 





222.222 








200.833 


205. 833 
206. 667 
207.500 
208.333 


209.167 
210.000 
210.833 
211.667 
212.500 
213.333 
214.167 
215.000 
215.833 
216.667 


217.500 
218.333 
219.167 
220.000 
220.833 
221.667 
222.600 
223 .333 
224.167 
225.000 


225 . 833 
226.667 
227.500 
228.333 
229.167 
230.000 
230.833 
231.667 
232.500 
233.333 


234.167 


238.333 
239.167 
240.000 
240.833 
241.667 


242.500 
243 .333 
244.167 
245.000 
245.833 
246.667 
247.500 
248.333 
249.167 
250.006) 
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\ WIDTH. 
(1) 
mi 1 2 3 4 5 6 
30.1/27.870| 55.741 | 83.611] 111.481) 189.352] 167.222 
.2|27.963| 55.926 | 88.889) 111.852) 139.815] 167.778 
.3/28.056| 56.111 | 84.167) 112.222) 140.278] 168.333 
.4|28.148| 56.296 | 84.444] 112.593) 140.741! 168.889 
“5/28. 241| 56.481 | 84.722; 112.963] 141.204] 169.444 
-6|28. 333] 56.667 | 85.000) 113.333] 141.667} 170.000 
7/28. 426} 56.852 | 85.278) 113.704) 142.130) 170.556 
-8/28.519| 57.037 | 85.556] 114.074] 142.593} 171.111 
.9128.611| 57.222 ; 85.833] 114.444) 143.056} 171.667 
31.0128.704] 57.407 | 86.111) 114.815) 143.519] 172.222 
.1|28.796] 57.593 | 86.389) 115.185] 143.981} 172.778 
.2/28.889| 57.778 | 86.667] 115.556 144.444] 173.333 
.3/28.981| 57.963-| 86.944! 115.926] 144.907} 173.889 
.4|29.074| 58.148 | 87.222] 116.296) 145.370) 174.444 
-5129.167| 58.333 | 87.500] 116.667) 145.833] 175.000 
.6'29. 259] 58.519 | 87.778] 11'7.037| 146.296] 175.556 
-'7|29.352| 58.704 | 88.056] 117.407) 146.759) 176.111 
18|29.444| 58.889 | 88.333; 117.778] 147.222] 176.667 
“9/29.537| 59.074 | 88.611] 118.148] 147.685] 177.222 
32.0/29.630| 59.259 | 88.889] 118.519) 148.148] 177.778 
.1/29.722| 59.444 | 89.167) 118.889] 148.611! 178.333 
‘2/29.815| 59.630 | 89.444] 119.259] 149.074] 178.889 
-3/29.907| 59.815 | 89.722] 119.630) 149.587] 179.444 
“4/30.000} 60.000 | 90.000) 120.000} 150.000) 180.000 
“5130.098} 60.185 | 90.278] 120.370| 150.463) 180.556 
(6/30. 185} 60.370 | 90.556) 120.741) 150.926] 181.111 
“7/30.278| 60.556 | 90.833) 121.111) 151.389] 181.667 
-8/30.370| 60.741 | 91.111] 121.481] 151.852} 182.222 
“9/80. 463] 60.926 | 91.389] 121.852] 152.315] 182.778 
33.0/30.556| 61.111 | 91.667) 122.222] 152.778] 183.333 
.1/30. 648] 61.296 | 91.944] 122.593) 158.241] 183.889 
.2/30.741| 61.481 | 92.222] 122.963) 153.704] 184.444 
.3|30.833| 61.667 | 92.500] 123.333] 154.167] 185.000 
.4|30.926] 61.852 | 92.778] 123.704] 154.630) 185.556 
“5/31. 019] 62.037 | 93.056] 124.074] 155.093] 186.111 
.6/31.111} 62.222 | 93.333] 124.444] 155.556] 186.667 
.7|31.204| 62.407 | 93.611} 124.815) 156.019] 187.222 
.8/31.296| 62.593 | 98.889) 125.185) 156.481} 187.778 
.9/31.389] 62.778 | 94.167] 125.556] 156.944] 188.333 
34.0/31.481] 62.963 | 94.444] 125.926] 157.407) 188.889 
.1/81.574] 63.148 | 94.722] 126.296) 157.870] 189.444 
-2/81.667| 63.333 | 95.000) 126.667} 158.333] 190.000 
.3/31.759| 68.519 | 95.278] 127.037| 158.796] 190.556 
.4/31.852| 68.704 | 95.556) 127.407) 159.259] 191.111 
.5/31.944] 63.889 | 95.833) 127.778] 159.722} 191.667 
,6|32.037| 64.074 | 96.111] 128.148] 160.185) 192.222 
7/32. 130] 64.259 | 96.389] 128.519} 160.648] 192.778 
8|32.222| 64.444 | 96.667} 128.889) 161.111] 193.333 
/9|32.315| 64.630 | 96.944| 129.259] 161.574] 198.889 
35.0/32.407| 64.815 | 97.222] 129.630] 162.037) 194.444 
.1/32.500} 65.000 | 97.500) 130.000} 162.500] 195.000 
.2182.593] 65.185 | 97.778] 130.370] 162.963] 195.556 
.3/32.685| 65.370 | 98.056) 130.741] 163.426) 196.111 
.4/82.778} 65.556 | 98.333) 131.111) 163.889) 196.667 
.5\82.870| 65.741 | 98.611) 181.481} 164.352] 197.222 
.6|32.963| 65.926 | 98.889] 131.852] 164.815] 197.778 
7/33. 056} 86.111 | 99.167) 132.222] 165.278) 198.333 
.8'33. 148] 66.296 | 99.444) 132.593] 165.741) 198.889 
.9 33.241] 66.481 | 99.722] 182.963! 166.204) 199.444 
36.0 33.333] 66.667 | 100.000) 133.333) 166.667] 200.000 
) 





7 





195.093 
195.741 
196.389 
197.037 
197.685 
198.333 
198.981 
199.630 
200.278 
200.926 


201.574 


207.407 
208.056 


213. 889 
214. 537 


217.778 
218. 426 
219.074 
219.722 
220.370 


221.019 


226, 204 
226. 852 


227.500 
228.148 
228.796 
229.444 
230.093 
230.741 
231.389 
232.037 
232.685 
233.333 





8 





222.963 
223.704 
224.444 
225.185 
225.926 
226. 667 
227.407 
228.148 
228.889 
229.630 


230.370 


243.704 
244.444 


245.185 
245.926 
246.667 


252.593 
253.333 
204.074 
254.815 
250.596 
256. 296 
257.037 
207.778 
258.519 
259. 259 


260.000 
260.741 
261.481 
262.222 
262.963 
263.704 
264. 444 





266. 667 


9 





250.833 
251.667 
252-500 
253.333 
254.167 
259.000 
259.833 
256.667 
257.500 
258.3383 


259.167 
260.000 
260.833 
261.667 
262.500 
263.333 
264.167 
265.000 
265.833 
266.667 


267.500 
268 333 
269.167 
270.000 
270.833 
271.667 
272.500 
273 .833 
274.167 
275.000 


275.833 
276.667 
277.500 
278.333 
279.167 
289.000 
280.833 
281.667- 
282.500 
283.333 


284.167 
285.000 
285.833 
286.667 
287.509 
288.333 
289.167 
290.000 
290.833 
291.667 


292.500 
293.333 
294.167 
295.000 
295.833 
296. 667 
297.500 
| 298.333 
299.167 
300.000 








CU. YDS. PER 50 FT. 


WIDTH 





4 


5 6 


7 


8 





i 
wo 





i 





74.074 | 111.111 


74.259 | 111.389 
74.444 | 111.667 
74.630 , 111.944 
74.815 | 112.222 
75.000 | 112.500 
75.185 | 112.778 
75.370 | 113.056 
75.556 | 113.333 
75.741 | 113.611 
75.926 | 113.889 


76.111 | 114.167 
76.296 | 114.444 


77.778 | 116.667 








133.704 
134.074 
134.444 
134.815 
185.185 
135.556 
135.926 
136.296 
136. 667 
187.037 


137.407) 


137.778 
188.148 


140.370 
140.741 


141.111 
141.481 
141.852 
142.222 
142.593 


155.558 





167.130} 200.556 
167.593} 201.111 
168.056} 201.667 
168.519} 202.222 
168.981) 202.778 
169.444) 203.333 
169.907} 203.889 
170.370} 204.444 
170.833} 205.000 
171.296}. 205.556 


171.759} 206.111 
172.222) 206.667 
172.685) 207.222 
173.148). 207.778 
173.611) 208.333 
174.074, 208.889 
174.537} 209.444 
175.000) 210.000 
175.463) 210.556 
175.926} 211.111 


176.389} 211.667 
176.852) 212.222 
177.315) 212.778 
177.778} 213.333 
178.241) 213.889 
178.704) 214.444 
179.167) 215.000 
179.630) 215.556 
180.093} 216.111 
180.556} 216.667 


181.019) 217.222 
181.481) 217.778 
181.944} 218.333 
182.407) 218.889 
182.870) 219.444 
183.333} 220.000 
183.796) 220.556 
184.259} 221.111 
184.722) 221.667 
185.185) 222.222 


185.648) 222.778 


189.352) 227.222 
189.815] 227.778 


190.278) 228.333 
190.741} 228.889 
191.204} 229.444 
191.667} 230.000 
192.180) 230.556 
192.593) 231.111 
193.056} 231.667 
193.519} 232.222 
193.981) 232.778 
194.444] 233.333 








233.981 
234.630 
235.278 
235.926 
236.574 
237.222 
237.870 
238.519 
239. 167 
239.815 


240.463 


246 296 


246.944 
247.593 
248.241 
248. 889 
249.537) 
250.185 
250. 833 
251.481 
252.180 
252.778 


253.426 


258.611 
259.259 


259.907 
260.556 
261.204 
261.852 
262.500 
263.148 
263. 796 
264.444 
265.093 
265.741 


266.389 
267.037 
267.685 
268.333 
268.981 
269. 630 
270.278 
270.926 
271.574 
272.222 





267.407 
268.148 
268.889 
269. 630 
270.370) 
271.111 
271.852 
272.593 
273.333 
274.074 


274.815 
275.556 
276.296 
277.037 
277.778 
278.519 
279.259 
280.000 
280.741 
281 481 


282 .222 
282 .963 
283 704 
284.444 
285. 185 
285.926 
286. 667 
287.407 
288.148 
288 . 889 


296.296 


297 . 037 
297.778 
298.519 
299 . 259 
300.000 
300.741 
301.481 
302. 222 
302.963 
303.704 





304.444 


311.111 








316.667 
317.500 


341.667 
342.500 
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40.741 
40.833 
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oO 


~ 
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5 
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77.963 
78.148 
78.333 
78.519 
78.704 
78.889 
79.074 
79.25) 

79.444 
79.630 


79.815 
80.000 
80.185 
80.370 
80.556 
80.741 
80.926 
81.111 
81.296 
81.481 


81.667 
81.852 
82.037 
82.222 
82.407 
82.593 
82.778 
82.963 
83.148 
83.333 


83.519 
83.704 
83.889 
84.074 
84.259 
84.444 
84.630 
84.815 
85.000 
85.185 


85.370 


86.111 
86.296 





116.944 
117.222 
117.500 
117.778 
118.056 
118.333 
118.611 
118.889 
119.167 
119.444 


119.722 
120.000 
120.278 
120.556 
120.833 
121.111 
121.389 
121.667 
121.944 
122.222 


122.500 
122.778 
123 .056 
123.333 
123.611 
123. 889 
124.167 
124.444 
124.722 
125.000 


125.278 
125.556 
125.833 
126.111 
126.389 
126. 667 
126.944 
127.222 
127.500 
127.778 


128.056 
128.333 
128.611 
128.889 
129.167 
129.444 
129.722 
130.000 
130.278 
130.556 


130.833 
131.111 
131.389 
131.667 
131.944 
132.222 
132.500 
132.778 
133.056 
183.338 





155.926 
156.296 
156.667 
157.037 
157.407 
157.778 
158.148 
158.519 
158.839 
159.259 


159.630 
160.000 
160.370 
160.741 
161.111 
161.481 
161.852 
162.222 
162.593 
162.968 


163.333 
163.704 
164.074 
164.444 
164.815 
165.185 
165.556 
165.926 
166.296 
166.667 


167.037 


170.370 


170.741 
171.111 
171.481 
171.852 
172.222 
172.593 
172.968 
173.333 
173.704 
174.074 


174.444 
174.815 
175.185 
175.556 
175.926 
176.296 
176.667 
177.087 
177.407 
177.778 





194.907 
195.370 
195.833 
196.296 
196.759 
197.222 
197.685 
198.148 
198.611 
199.074 


199 :537 
200.000 
200.463 
200.926 
201.389 
201.852 
202.315 
202.778 
203.241 
208.704 


204.167 
204.630 
205.093 
205.556 
206.019 
206.481 
206.944 
207.407 
207.870 
208.333 


208.796 
209.259 
209.722 
210.185 
210.648 
211.111 
211.574 
212.087 
212.500 
212.963 


213.426 
213.889 
214.352 


217.593 


218.056 
218.519 
218.981 
219.444 
219.907 
220.370 
220.833 
221.296 
221.759 
222.222 





233. 889 
234.444 
235.000 
235.556 
236.111 
236. 667 
237.222 
237.778 
238.333 
238.889 


239.444 
240.000 
240.556 
241.111 
241.667 
242. 222 
242.778 
243.333 
243.889 
244.444 


245 .000 
245.556 
246.111 
246. 667 
247.222 
247.778 
248.333 
248.889 
249.444 
250.009 


250.556 
251.111 
251.667 
252.222 
252.778 
253.333 


255. 556 


256.111 
206. 667 
257.222 
257.778 
258.333 
258.889 
259.444 
260.000 
260.556 
261.111 


261.667 
262.222 
262.778 


266.667 





272.870 
273.519 
274. 167 
274.815 
275.463 
276.111 
276.759 
277.407 
278.056 
278.704 


279.352 
280.000 
280.648 
281.296 
281.944 
282.593 
283.241 
283 . 889 
284.537 
285.185 


285.833 
286.481 
287.130 
287.778 
288. 426 
289.074 
289.722 
290.370 
291.019 
291.667 


292.315 
292.963 
293.611 
294.259 
294.907 
295.596 
296.204 
296. 852 
297.500 
298.148) 


298.796 
299.444 
300.093 
300.741 
301.389 
302. 037 
302.685 
303.333 
303.981 
304.630 


305.278 
305.926 
306.574 
807.222 
307.870 
308.519 
309.167 
309.815 
310.463 
311.111 





311.852 
812.593 
313.333 
314.074 
314.815 
315.556 
316.296 
317.037 
317.778 
318.519 


319.259 


325.926 


326.667 
327.407 
328.148 
828. 889 
329. 630 
330.370 
331.111 
331.852 
332.593 
333.333 


334.074 
334.815 
335.556 
336.296 
337.037 
337.778 
838.519 
839.259 
340.000 
340.741 


341.481 
842.222 
342.963 
343.704 
344.444 
345.185 
345.926 
346 . 667 
347.407 
348.148 


348. 889 
349.630 
350.370 
351.111 
351.852 
352.598 
353.333 
354.074 
354.815 
355.556 





358.333 


359.167 
360.000 
360. 833 
361.667 
362.500 
363.333 
364.167 
365.000 
365. 833 
366. 667 


367.500 
368.333 
369.167 
370.000 
370.833 
371.667 
372.500 
373.333 
374.167 
375.000 


375.833 
376.667 
377.500 
378.333 
379. 167 
380. 000 
380. 833 
381. 667 
382.500 
383.333 


384.167 
385.000 
385 . 833 
386 . 667 
387.500 


390. 833 
391. 667 


392.500 
393 . 333 
394. 167 
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» 

0 

jee) 1 2 3 4 5 6 7 8 9 
48.1/44.587) 89.074 | 133.611] 178.148] 222.685] 267.222] 311.759] 356.296] 400.832 


= 
eH 
Oe 
w 
So 
eo 
wor 
noc 
Or 

co 


: 3 133.889) 178.519) 223.148] 267.778] 312.407). 357.087] 401.667 
44.722] 89.444 | 184.167] 178.889] 223.611) 268°333) 313.056) 357.778] 402.500 
44.815) 89.630 | 134.444) 179.259] 224.074) 269.889] 313.704) 358.519] 403.333 
44.907) 89.815 | 134.722] 179.630] 224.587/ 269.444) 314.352] 359.259) 404.167 
45.000) 90.000 | 135.000) 180.000} 225.000} 270.000] 315.000] 360.000} 405.000 
45.093) 90.185 | 135.278) 180.370| 225.463] 270.556] 315.648] 360.741] 405.833 
45.185} 90.370 | 135.556) 180.741) 225.926) 271.111] 316.296) 361.481] 406.667 
45.278) 90.556 | 135.833) 181.111) 226.389] 271.667} 316.944] 352.222] 407.500 
45.370} 90.741 | 186.111} 181.481] 226.852) 272.222) 317.593] 362.963] 408.333 


45.463) 90.926 | 136.389] 181.852) 227.315) 272.778] 318.241] 368.704) 409.167 
45.556) 91.111 | 136.667) 182.222) 227.778) 273.333] 318.889) 364.444) 410 000 
45.648) 91.296 | 136.944) 182.593] 228.241) 278.889] 319.537) 365.185). 410.833 
45.741} 91.481 | 137.222) 182.963) 228.704] 274.444] 320.185] 365.926] 411.667 
45.833) 91.667 | 137.500) 183.333) 229.167) 275.000) 320.833) 366.667] 412.500 
45.926) 91.852 | 137.778) 183.704] 229.630) 275.556] 321.481} 367.407) 413.333 
46.019} 92.037 | 188.056) 184.074] 230.093} 276.111) 322.180} 368.148) 414.167 
46.111} 92.222 | 138.333) 184.444) 230.556] 276.667) 322.778] 368.889) 415.000 
46.204) 92.407 | 188.611) 184.815} 231.019] 277.222) 323.426) 369.630) 415.833 
46.296) 92.593 | 188.889) 185.185} 231.481} 277.778] 324.074] 370.370) 416.667 


46.389) 92.778 | 139.167} 185.556) 231.944) 278.333] 324.722) 371.111} 417.500 
46.481) 92.963 | 139.444) 185.926] 232.407] 278.889) 325.370] 371.852) 418.333 
46.574| 93.148 | 189.722) 186.296] 232.870] 279.444| 326.019) 372.593] 419.167 
46.667) 93.333 | 140.000} 186.667) 233.333} 280.000) 326.667] 373.333] 420.000 
46.759; 93.519 | 140.278) 187.037) 233.796] 280.556] 327.315] 374 074| 420.833 
46.852] 93.704 | 140.556) 187.407] 234.259] 281.111) 327.963] 374.815). 421.667 
46.944) 93.889 | 140.883} 187.778) 234.722) 281.667) 328.611} 375.556) 422.500 
47.037) 94.074 | 141.111) 188.148] 235.185} 282.222] 329.259] 376.296] 423.333 
47.130} 94.259 | 141.389} 188.519) 235.648) 282.778) 329.907) 377.037) 424.167 
47.222| 94.444 | 141.667) 188.889} 236.111) 283.333] 330.556) 377.778) 425.000 


141.944) 189.259] 236.574| 283.889] 331.204) 378.519) 425.833 
142.222) 189.630] 237.037} 284.444) 331.852) 379.259] 426.667 
i 142.500} 190.000) 237.500) 285.000) 332.500] 380.000) 427.500 
95.185 | 142.778) 190.370} 237.963] 285.556] 333.148] 380.741] 428.333 
95.370 | 148.056) 190.741] 238.426] 286.111} 333.796] 381.481] 429.167 
é 143.333] 191.111) 238.889) 286.667] 334.444] 382.222) 430.000 
: 95.741 | 143.611) 191.481} 289.352) 287.222) 335.093] 382.963} 430.833 
47.963} 95.926 | 143.889} 191.852) 239.815) 287.778] 335.741) 383.704) 431.667 
48.056} 96.111 | 144.167) 192.222) 240.278) 288.333) 336.389] 384.444) 432.500 
48.148] 96.296 | 144.444) 192.593) 240.741] 288.889] 337.037] 385.185) 433.333 


48.241) 96.481 | 144.722) 192.963) 241.204; 289.444} 337.685) 385.926] 434.167 
48.333] 96.667 | 145.000] 193.333] 241.667] 290.000) 338.333]. 386.667) 435.000 
48.426] 96.852 | 145.278] 193.704) 242.130] 290.556) 338.981] 387.407] 435.833 
48.519) 97.037 | 145.556] 194.074) 242.593} 291.111) 339.630} 388.148) 436.667 
48.611) 97.222 | 145.833] 194.444) 243.056] 291.667) 340.278] 388.889] 437.500 
48.704) 97.407 | 146.111) 194.815) 243.519) 292.222) 340.926) 389.639) 438.333 
48.796| 97.593 | 146.389) 195.185) 243.981] 292.778) 341.574] 390.370) 439.167 
48.889] 97.778 | 146.667) 195.556) 244.444) 293.333] 342.222} 391.111) 440.000 
48.981) 97.963 | 146.944) 195.926) 244.907] 293.889) 342.870) 391.852) 440.833. 
49.074| 98.148 | 147.222) 196.296) 245.370] 294.444) 343.519] 392.593) 441.667 


49.167) 98.333 | 147.500) 196.667) 245.833) 295.000) 344.167; 393.333] 442.500 
98.519 | 147.778) 197.037) 246.296] 295.556) 344.815) 394.074] 443.333 
98.704 | 148.056} 197.407} 246.759) 296.111] 345.463) 394.815) 444.167 
98.889 | 148.383] 197.778) 247.222) 296.667| 346.111} 895.556) 445.000 
99.074 | 148.611} 198.148) 247.685) 297.222) 346.759) 396.296) 445.833 
99.259 | 148.889} 198.519) 248.148) 297.778) 347 407) 397.037] 446.667 
99.444 | 149.167} 198.889) 248 611] 298.333) 348.056] 397.778) 447.500 
99.630 | 149.444) 199.259) 249.074) 298.889) 348.704) 398.519) 448.333 
49.907) 99.815 | 149.722] 199.630) 249.537] 299.444] 349.352) 399.259! 449.167 
50.000/100.000 | 150.000) 200.000} 250.060) 300.000} 350.000) 400.000; 450.006 
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TABLE XXXI.—TRIANGULAR PRISMS 


CU. YDS. PER..50. FT. 
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101.852 
102.037 


103.333 
103.519 
103.704 


103.889 
104.074 
104.259 
104.444 
104.630 
104.815 
105.000 
105.185 
105.370 
105.556 


105.741 


107. 407 
107.593 


109.259 


109.444 
109.630 
109.815 
110.000 
110.135 
110.370 
110.556 
110.741 
110.926 
111.111 








3 


4 


5 


6 





150.278 
150.556 
150.833 
151.111 
151.389 
151.667 
151.944 


152.778 


153.056 
153.333 
153.611 
153.889 
154.167 
154.444 
154.722 
155.000 
155.278 
155.556 


155 833 


158.333 


158.611 
158.889 
159.167 
159.444 
159.722 
160.000 
160.278 
160.556 
160.833 
161.111 


161.389 
161.667 
161.944 
162.222 
162.500 
162.778 
163.056 
163.333 
163.611 
163.889 


164.167 
164.444 
164.722 
165.000: 


166. 667 





200.370 


203.704 
204.074 


207.037 
207.407 


207.778 


210.370 
210.741 
211.111 


211.481 
211.852 
212.222 
212.593 
212.963 
213.333 
213.704 
214.074 
214.444 
214.815 


215.185 
215.556 
215.926 
216.296 
216. 667 
217.037 
217.407 
217.778 
218.148 
218.519 


218.889 
219.259 
219.630 
220.000 
220.370 
220.741 
221.111 
221.481 
221.852 
222. eee 





250. 463 
250.926 


254.167 
254.630 


255.093 
205. 556 
256.019 
256.481 
256.944 
257.407 
297.870 
258.333 
258. 796: 
259.259 


259. 722 
260.185 
260.648 
261.111 


263.889 


264.352 
264.815 
265.278 
265.741 
266.204 
266 . 667 
267.130 
267.593 
268.056 
268.519 


268.981 
269.444 
269.907 
270.370 
270.833 
271.296 


273.148 
273.611 


277.778 





300.556 
301.111 
301.667 
302.222 
302.778 
3803 . 333 
303 . 889 
304.444 
305 . 000 
305.556 


306.111 
306. 667 
307 . 222 


310.556 
811.111 


311.667 
312.222 
312.778 
313.333 
313.889 
314.444 
315.000 
315.556 
316.111 
316.667 


317.222 
317.778 
318.333 
318.889 
319.444 
320.000 
320.556 
321.111 
321.667 
B22. 222 


322.778 


327.778 


328.333 
328. 889 
329.444 
330.000 
330.556 
331.111 
331. 667 
332.222 
332.778 
333.333 








356.481 


357.130 
357.778 
358.426 
359.074 
359 . 722 
360.370 
361.019 
361.667 
362.315 
362.963 


363.611 
364 . 259 
364.907 


369.444 


370.093 
370.741 
371.389 
872.037 
372.685 
373.333 
373.981 
374.630 
875.278 
375.926 


376.574 
377.222 
377.870 
378.519 
379.167 
379.815 
380.463 
381.111 
381.759 
382 407 


383 .056 
383 .'704 
384.352 
385.000 
385.648 
386 . 296 
386 .944 
387.593 
388.241 
388. 889 
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400.741 


407.407 


408.148 
408. 889 
409. 630 
410.370 
411.111 
411.852 
412.593 
413.333 
414.074 
414815 


415.556 
416.296 


422.292 
422.963 


429.630 


430.370 
431.111 
431 .852 
432.593 
433 .333 
434.074 
434.815 
435.556 
436. 296 
437.037 


437.778 
438 .519 
439.259 


444. 444 
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450.833 
451.667 


458.333 
459.167 


471. 667 
472.500 
473.333 
474.167 
475.000 


475. 833 
476. 667 
477.500 
478.333 
479.167 
480.000 
480.833 
481.667 
482.500 
483.333 


484.167 
485.000 
485 .833 
486.667 
487.500 
488 . 333 
489.167 
490.000 


490. 

491. 67 
492.500 
493.333 


494.167 
495.000 
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2.469] 4.938) 7.407 | 9.877 | 12.346 


2.500} 5.000) 7.500 | 10.000 | 12.500 
2.531} 5.062) 7.593 | 10.123-| 12.654 
2.562} 5.123} 7.685 | 10.247 | 12.809 
2.593] 5.185) 7.778 | 10.370 | 12.963 
2.623) 5.247) 7.870 |.10.494 | 13.117 
2.694) 5.309} 7.963 | 10.617 | 13.272 
2.685) 5.370} 8.056 | 10.741 | 13.426 
2.716) 5.432} 8.148 | 10.864 | 13.580 
2.747) 5.494) 8.241 | 10.988 | 13.735 

‘ 13.889 


2.809) 5.617) 8.426 | 11.235 | 14.043 
2.840} 5.679} 8.519 | 11.358 | 14.198 
2.870) 5.741) 8.611 | 11.481 | 14.352 
2.901} 5.802} 8.704 | 11.605 | 14.506 
2.982| 5.864; 8.796 | 11.728 | 14.660 
2.963} 5.926) 8.889 | 11.852 | 14.815 
2.994| 5.988) 8.981 | 11.975 | 14.969 
3.025} 6.049) 9.074 | 12.099 | 15.123 
3.056] 6.111} 9.167 | 12.222 | 15.278 
3.086} 6.173} 9.259 | 12.346 | 15.432 


3.117} 6.235) 9.352 | 12.469 | 15.586 
3.148) 6.296) 9.444 | 12.593 | 15.741 
3.179] 6.359) 9.537 | 12.716 | 15.895 
3.210} 6.420) 9.630 | 12.840 | 16.049 
3.241! 6.481) 9.722 | 12.963 | 16.204 
3.272| 6.543} 9.815 | 13.086 | 16.359 
3.302} 6.605) 9.907 | 13.210 | 16.512 
3.333] 6.667] 10.000 | 13.333 | 16.667 
8.364) 6.728) 10.093 | 13.457 | 16.821 
3.395) 6.790} 10.185 | 13.580 | 16.975 


3.426) 6.852) 10.278 | 13.704 | 17.130 
8.457) 6.914] 10.370 | 13.827 | 17.284 
3.488) 6.975} 10.463 | 13.951 | 17.438 
3.519} 7.037) 10.556 | 14.074 | 17.593 
8.549) 7.099) 10.648 | 14.198 | 17.747 
8.580) 7.160) 10.741 | 14.321 | 17.901 
3.611) 7.222) 10.833 | 14.444 | 18.056 
3.642) 7.284) 10.926 | 14.568 | 18.210 
3.673] 7.346] 11.019 | 14.691 | 18.364 
3.704) 7.407) 11.111 | 14.815 | 18.519 
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11.296 
11.481 
11.667 
11.852 
12.037 
12.222 
12.407 
12.593 
12.778 
12.963 


13.148 
13.333 
13.519 
13.704 
13.889 
14.074 
14.259 
14.444 
14.630 
14.815 


15.000 
15.185 
15.370 
15.556 
15.741 
15.926 
16.111 
16.296 
16.481 
16.667 


16.852 
17.037 
17.222 
17.407 
17.593 
17.778 
17.963 
18.148 
18.333 
18.519 


18.704 


19.259 
19.444 





13.179 
13.395 
13.611 
13.827 
14.043 
14.259 
14.475 
14.691 
14.907 
15.123 


15.340 
15.556 
15.772 
15.988 
16.204 
16.420 
16.636 
16.852 
17.067 
17.284 


17.500 
17.716 
17.932 
18.148 
18.364 
18.580 
18.796 
19.012 
19.228 
19.444 


19.660 








20.000 
20.247 
20.494 
20.741 
20.988 
21.235 
21.481 
21.728 
21.975 
22.222 


22.469 
22.716 
22.963 
23.210 
23.457 
28.704 
23.951 
24.198 
24.444 
24.691 


24.938 
25.185 
25.432 
25.679 
25.926 
26.178 
26.420 
26.667 
26.914 
27.160 


27 U: 
27.654 

27.901 
28.148 
28.395 
28.642 
28.889 
29.136 
29.383 
29.630 





16.944 


32.500 


33.333 
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d-d’| 1 2 3 4 5 6 “4 8 9 








D=Ds 
12.1 | 3.785] 7.469) 11.204 | 14.938 | 18.673 | 22.407 | 26.142 | 29.877 | 33.611 
3.766) 7.581) 11.296 | 15.062 | 18.827 | 22.593 | 26.359 | 30.123 | 33.889 
3.796] 7.593) 11.389 | 15.185 | 18.981 | 22.778 | 26.574 | 30.370 | 34.167 
3.827) 7.654) 11.481 | 15.309 | 19.136 | 22.963 | 26.790 | 30.617 | 34.444 
3.858) 7.716] 11.574 | 15.432 | 19.290 | 23.148 | 27.006 | 30.864 | 34.722 
3.889} 7.778] 11.667 | 15.556 | 19.444 | 23.333 | 27.222 | 31.111 | 35.000 
3.920} 7.840) 11.759 | 15.679 | 19.599 | 23.519 | 27.488 | 31.359 | 35.278 
3.951) 7.901) 11.852 | 15.802 | 19.753 | 28.704 | 27.654 | 31.605 | 35.556 
3.981) 7.963} 11.944 | 15.926 | 19.907 | 23.889 | 27.870 | 31.852 | 35.833 
4.012} 8.025) 12.037 | 16.049 | 20.062 | 24.074 | 28.086 | 32.099 | 36.111 


4.043) 8.086) 12.180 | 16.173 | 20.216 | 24.259 | 28.302 | 32.346 | 36.389 
4.074) 8.148) 12.222 | 16.296 | 20.370 | 24.444 | 28.519 | 32.593 | 36.667 
4.105) 8.210) 12.315 | 16.420 | 20.525 | 24.630 | 28.785 | 32.840 | 36.944 
4.136) 8.272) 12.407 | 16.543 | 20.679 | 24.815 | 28.951 | 33.086 | 37.22 
4.167) 8.333} 12.500 | 16.667 | 20.833 | 25.000 | 29.167 | 33.333 | 37.500 
4.198) 8.395) 12.593 | 16.790 | 20.988 | 25.185 | 29.383 | 33.580 | 37.778 
4.228) 8.457) 12.685 | 16.914 | 21.142 | 25.37C | 29.599 | 33.827 | 38.056 
4.259} 8.519) 12.778 | 17.037 | 21.296 | 25.556 | 29.815 | 34.074 | 38.333 
4.290] 8.580) 12.870 | 17.160 | 21.451 | 25.741 | 30.0381 | 34.321 | 38.611 
4.321) 8.642) 12.963 | 17.284 | 21.605 | 25.926 | 30.247 | 34.568 | 38.889 


4.352} 8.704} 13.056 | 17.407 | 21.759 | 26.111 | 30.463 | 34.815 | 39.167 
4.383] 8.766) 138.148 | 17.531 | 21.914 | 26.296 | 30.679 | 35.062 | 39.444 
4.414) 8.827) 18.241 | 17.654 | 22.068 | 26.481 | 30.895 | 35.309 | 39.722 
4.444) 8.889) 13.333 | 17.778 | 22.222 | 26.667 | 31.111 | 35.556 | 40.000 
4.475] 8.951) 18.426 | 17.901 | 22.377 | 26.852 | 31.327 | 35.802 | 40.278 
4.506) 9.012} 13.519 | 18.025 | 22.581 | 27.037 | 31.543 | 36.049 | 40.556 
4.587) 9.074] 18.611 | 18.148 | 22.685 | 27.222 | 31.759 | 36.296 | 40.833 
4.568) 9.136] 18.704 | 18.272 | 22.840 | 27.407 | 31.975 | 36.548 | 41.111 
4.599) 9.198} 13.796 | 18.395 | 22.994 | 27.593 | 32.191 | 36.790 | 41.389 
4.630) 9.259) 13.889 | 18.519 | 238.148 | 27.778 | 32.407 | 37.037 | 41.667 


: ; : 18.642 | 23.302 | 27.963 | 32.623 | 37.284 | 41.944 
4.691] 9.383) 14.074 | 18.766 | 23.457 | 28.148 | 32.840 | 37.531 | 42.222 
4.722| 9.444) 14.167 | 18.889 | 23.611 | 28.333 | 33.086 | 37.778 | 42.500 
4.753} 9.506} 14.259 | 19.012 | 23.766 | 28.519 | 33.272 | 38.025 | 42.778 
4.784| 9.568} 14.352 | 19.186 | 23.920 | 28.704 | 33.488 | 38.272 | 48.056 
4.815] 9.630] 14.444 | 19.259 | 24.074 | 28.889 | 33.704 | 38.519 | 43.333 
4.846] 9.691] 14.587 | 19.383 | 24.228 | 29.074 | 33.920 | 38.766 | 43.611 
4.877| 9.753] 14.630 | 19.506 | 24.383 | 29.269 | 34.136 | 39.012 | 43.889 
4.907| 9.815] 14.722 | 19.630 | 24.587 | 29.444 | 34.352 | 39.259 | 44.167 
4.938] 9.877) 14.815 | 19.753 | 24.691 | 29.630 | 34.568 | 39.506 | 44.444 


4.969] 9.938} 14.907 | 19.877 | 24.846 | 29.815 | 34.784 | 89.758 | 44.722 
5.000/10.000| 15.000 | 20.000 | 25.000 | 30.000 | 35.000 | 40.000 | 45.000 
5.031/10.062} 15.093 | 20.123 | 25.154 | 30.185 | 35.216 | 40.247 | 45.278 
; .185 | 20.247 | 25.309 | 30.370 | 35.432 | 40.404 | 45.556 
5.093/10.185| 15.278 | 20.870 | 25.463 | 20.556 | 35.648 | 40.741 | 45.833 
5.123/10.247| 15.370 | 20.494 | 25.617 | 30.741 | 35.864 | 40.988 | 46.111 
5.154/10.309| 15.463 | 20.617 | 25.772 | 30.926 | 36.080 | 41.285 | 46.389 
5.185|10.370] 15.556 | 20.741 | 25.926 | 31.111 | 36.296 | 41.481 | 46.667 
5.216/10.432] 15.648 | 20.864 | 26.080 | 31.296 | 3€.512 | 41.728 | 46.944 | 
5.247|/10.494| 15.741 | 20.988 | 26.235 | 31.481 | 36.728 | 41.975 | 47.222 


5.278|10.556) 15.883 | 21.111 | 26.289 | 31.667 | 36.944 | 42.222 |) 47.500 
5.309/10.617] 15.926 | 21.235 | 26.543 | 31.852 | 37.160 | 42.469 | 47.778 
5.340|10.679| 16.019 | 21.358 | 26.698 | 32.037 | 387.377 | 42.716 | 48.056 
5.370|10.741| 16.111 | 21.481 | 26.852 | 32 222 | 37.593 | 42.963 | 48.333 
5.401/10.802| 16.204 | 21.605 | 27.006 | 32.407 | 37.809 | 43.210 | 48.611 
5432/10. 864] 16.296 | 21.728 | 27.160 | 32.593 | 88.025 | 43.457 | 48.889 
5.463/10.926] 16.389 | 21.852 | 27.315 | 32.778 | 38.241 | 43.704 | 49.167 
5. 494|10.988| 16.481 | 21.975 | 27.469 | 32.963 | 88.457 | 43.951 | 49.444 
5.525|11.049) 16.574 | 22.099 | 27.623 | 33.148 | 388.673 | 44.198 | 49.722 
5.556/11.111| 16.667 | 22.222 | 27.778 | 33.333 | 38.889 | 44.444 | 50.000 
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18.1 | 5.586/11.173] 16.759 | 22.346 | 27.932 | 83.519 | 39.105 | 44.691 | 50.278 
5.617/11.235| 16.852 | 22.469 | 28.086 | 33.704 | 39.321 | 44.988 | 50.556 
5648/11. 296] 16.944 | 22.593 | 28.241 | 33.889 | 39.537 | 45.185 | 50.833 
5 .679|11.358] 17.037 | 22.716 | 28.395 | 34.074 | 39.753 | 45.482 | 51.111 
5.710|11.429| 17.1380 | 22.840 | 28.549 | 34.259 | 39.969 | 45.679 | 51.389 
5.741|11.481| 17.222 | 22.963 | 28.704 | 84.444 | 40.185 | 45.926 | 51.667 
5.772|11.543] 17.315 | 23.086 | 28.858 | 34.630 | 40.401 | 46.173 | 51.944 
5. 802|11.605| 17.407 | 23.210 | 29.012 | 34.815 | 40.617 | 46.420 | 52.222 
5. 833\11.667| 17.500 | 28.383 | 29.167 | 35.000 | 40.833 | 46.667 | 52.500 
5. 864|11.728| 17.593 | 23.457 | 29.321 | 35.185 | 41.049 | 46.914 | 52.778 


5.895}11.790| 17.685 | 23.580 | 29.475 | 85.370 | 41.265 | 47.160 | 53.056 
5926/11. 852) 17.778 | 23.704 | 29.630 | 35.556 | 41.481 | 47.407 | 53.383 
5.957|11.914| 17.870 | 23.827 | 29.784 | 35.741 | 41.698 | 47.654 | 53.611 
5.988)11.975| 17.963 | 23.951 | 29.938 | 35.926 | 41.914 | 47.901 | 58.889 
6.019|12.037] 18.056 | 24.074 | 30.093 | 36.111 | 42.180 | 48.148 | 54.167 
6.049|/12.099] 18.148 | 24.198 | 30.247 | 36.296 | 42.346 | 48.395 | 54.444 
12.160] 18.241 | 24.321 | 30.401 | 36.481 | 42.562 | 48.642 | 54.722 
12.222} 18.833 | 24.444 | 30.556 | 36.667 | 42.778 | 48.889 | 55.000 
12.284] 18.426 | 24.568 | 30.710 | 36.852 | 42.994 | 49.186 | 55.278 
12.346} 18.519 | 24.691 | 30.864 | 37.037 | 43.210 | 49.388 | 55.556 


12.407) 18.611 | 24.815 | 81.019 | 37.222 | 43.426 | 49.630 | 55.833 
12.469} 18.704 | 24.938 | 31.173 | 37.407 | 43.642 | 49.877 | 56.111 
65}12.531} 18.796 | 25.062 | 31.327 | 37.593 | 43.858 | 50.123 | 56.389 
6.296|12.593] 18.889 | 25.185 | 31.481 | 387.778 | 44.074 | 50.370 | 56.667 
6.327/12.654} 18.981 | 25.309 | 31.636 |} 37.963 | 44.290 | 50.617 | 56.944 
6 359|12.716} 19.074 | 25.432 | 31.790 | 38.148 | 44.506 | 50.864 | 57.222 
6.389|12.778] 19.167 | 25.556 | 31.944 | 38.333 | 44.722 | 51.111 | 57.500 
6.420|12.840} 19.259 | 25.679 | 32.099 | 38.519 | 44.938 | 51.359 | 57.778 
6.451/12.901| 19.352 | 25.802 | 32.252 | 38.704 | 45.154 | 51.605 | 58.056 
6.481/12.963] 19.444 | 25.926 | 32.407 | 38.889 | 45.370 | 51.852 | 58.333 


.512/13.025} 19.537 | 26.049 | 32.562 | 39.074 | 45.586 | 52.099 | 58.611 
6.543/13.086] 19.630 | 26.173 | 32.716 | 39.259 | 45.802 | 52.346 | 58.889 
6.574|13.148] 19.722 | 26.296 | 32.870 | 39.444 | 46.019 | 52.593 | 59.167 
6.605|13.210) 19.815 | 26.420 | 33.025 | 39.630 | 46.2385 | 52.840 | 59.444 
6.636|13. 272] 19.907 | 26.543 | 33.179 | 39.815 | 46.451 | 53.086 | 59.722 
6.667|13.333] 20.000 | 26.667 | 33.333 | 40.000 | 46.667 | 58.3383 | 60.000 
6. 698|13.396) 20.0938 | 26.790 | 33.488 | 40.185 | 46.883 | 538.580 | 60.278 
6.728|13.457) 20.185 | 26.914 | 33.642 | 40.370 | 47.099 | 53.827 | $0.556 
6.759|13.519| 20.278 | 27.037 | 33.796 | 40.556 | 47.315 | 54.074 | 60.833 
6.790|13.580) 20.370 | 27.160 | 33.951 | 40.741 | 47.531 | 54.321 | 61.111 


6.821|13.641} 20.463 | 27.284 | 34.105 | 40.926 | 47.747 | 54.568 | 61.389 
6.852/13.704] 20.556. | 27.407 | 84.259 | 41.111 | 47.963 | 54.815 | 61.667 
6. 883|13.766, 20.648 | 27.5381 | 34.414 | 41.296 | 48.179 | 55.062 | 61.944 
6.914|13.827] 20.741 | 27.654 | 34.568 | 41.481 | 48.895 | 55.309 | 62.222 
6.944|13.889] 20.883 | 27.778 | 34.722 | 41.667 | 48.611 | 55.556 | 62.500 
6.975|13.951] 20.926 | 27.901 | 34.877 | 41.852 | 48.827 | 55.802 | 62.778 
7.006|14.012} 21.019 | 28.025 | 85.031 | 42.087 | 49.048 | 56.049 | 63.056 
7.037|14.074) 21.111 | 28.148 | 85.185 | 42.222 | 49.259 | 56.296 | 68.333 
7.068|14.136] 21.204 | 28.272 | 85.340 } 42.407 | 49.475 | 56.543 | 68.611 
7.099|14.198} 21.296 | 28.395 | 35.494 | 42.593 | 49.691 | 56.790 | 63.889 


7.180|14. 259) 21.389 | 28.519 | 35.648 | 42.778 | 49.907 | 57.0387 | 64.167 
7.160|14.321} 21.481 | 28.642 | 35.802 | 42.963 | 50.123 | 57.284 | 64.444 
7.191/14.383] 21.574 | 28.766 | 35.957 | 43.148 | 50.340 | 57.531 | 64.722 
7.222)14.444) 21.667 | 28.889 | 36.111 | 43.333 | 50.556 | 57.778 | 65.000 
7. 253/14.506) 21.759 | 29.012 | 36.265 | 43.519 | 50.772 | 58.025 | 65.278 
7. 284|14.568) 21.852 | 29.186 | 36.420 | 43.704 | 50.988 | 58.272 | 65.556 
7.315|14.630) 21.944 | 29.259 | 36.574 | 43.889 | 51.204 | 58.519 | 65.833 
7.346|14.691) 22.037 | 29.383 | 36.728 | 44.074 | 51.420 | 58.766 | 66.111 
7.377|14.753| 22.1380 | 29.506 | 36.883 | 44.259 | 51.636 | 59.012 | 66.389 
7.407|14.815) 22.222 | 29.630 | 87.087 | 44.444 | 51.852 | 59.259 | 66.667 
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XXXII.—PRISMOIDAL CORRECTIONS 


CU.YDS. PER 100 FT. 
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996 TABLE XXXIIJ.—MINIMUM LENGTH OF SPIRAL 
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Limiting curves. For all curves which are liable to limit 
the speed of trains, the length of spiral should equal that indi- 
cated on the line marked ‘‘Superelevation = 8 in.’”’ Longer 
spirals may be used provided the increased length does not 
adversely affect the degree of curve or seriously affect the cost 
of construction. 

Minor curves. For minor curves the length of spiral 
should never be less than that indicated by the diagram; an 
increase of about 50 per cent over the indicated length may 
be desirable where cost is not seriously affected. 

Spirals need not be used when superelevation required for 
highest permissible speed is less than 2 in. 






















































































TABLE XXXIV.—ELEMENTS OF THE SPIRAL OF 297 
CHORD-LENGTH, 100 
Degree Spiral Inclination] Latitude of Sum of the 
n of Curve Angle. jof Chord to} Each Chord. Latitudes. 
Ds s Axis of Y. | 100 Xcos Incl. y 
0 0° 00’ 0° 00’ 0° 00’ 
1 10 10 05 99 . 99989423 99. 99989423 
2 20 30 20 99 . 99830769 199. 99820192 
3 30 1 45 99. 99143275 299 . 98963467 
4 40 1 40 1-20 99. 97292412 399 . 96255879 
6 50 2 30 2 05 99. 93390007 499 . 89645886 
6 1 3 30 3 99 . 8629535 599 . 7594123 
{é 1 10 4 40 4 05 99 . 7461539 699 . 5055662 
8 1 20 6 5. 20 99. 5670790 799. 0726452 
9 1) 330 x30) 6 45 99. 3068457 898.. 3794909 
10 1 40 9 10 8 20 98 .944164 997 . 3236549 
ll ih exe) ll 10 05 98. 455415 1095. 779070 
12 2 13 12 97. 814760 1198 . 593830 
13 2 10 15 10 14 05 96. 994284 1290. 588114 
14 2. 20 17 30 16 20 95. 964184 1886 . 552298 
15 2 30 20 18 45 94.693014 1481. 245312 
16 2 40 22 40 21 - 20 93 .147975 1574. 393287 
17 2 50 25 30 24 08 91. 295292 1665. 688579 
18 3 28 30 27 89. 100650 1754. 789229 
19 3 10 31 40 30 05 86. 529730 1841. 318959 
20 3 20 35 33 20 83. 548780 1924. 867739 
Departure of Sum of the 5 
n Each Chord. Departures. Logarithm. Logarithm. 
100 Xsin Inel. z log y log x 
1 - 1454441 - 1454441 1. 9999995 9. 1626960 
2 . 5817731 - 1272172 2.3010261 9. 8616641 
3 1. 3089593 2. 0361765 2.4771063 0.3088154 
4 2.3268960 4. 3630725 2.6020194 0. 6397924 
5 3. 6353009 7. 9983734 2. 6988800 0.9030017 
6 5. 233596 13. 231969 2.7779771 1.1216244 
7 7.120730 20. 352699 2.8447911 1.3086220 
8 9.294991 29. 647690 2. 9025862 1.4719909 
9 11. 75374 41.40143 2. 9534598 1.6170158 
10 14. 49319 55. 89462 2. 9988361 1.7473701 
ll 17.50803 73. 40265 3. 0397231 1.8657117 
12 20. 79117 94. 19382 3. 0768567 1.9740224 
13 24. 33329 118.52711 3.1107877 2.0738177 
14 28. 12251 146. 64962 3. 1419362 2.1662811 
15 32. 14395 178. 79357 3.1706269 2. 2523519 
16 36. 37932 215.17289 3.1971131 2. 3327875 
17 40. 80649 255. 97938 3. 22159388 2. 4082049 
18 45. 39905 301.37843 3. 2442250 2.4791121 
19 60.12591 351. 50434 3. 2651291 2.5459307 
20 54. 95090 406. 45524 3. 2844009 2.6090128 
Z_ | Deflection Z_ | Deflection 
n ioe y Angle. Rs n Log y Angle. Rs 
log tant t log tani t 
1 |7.1626964 |0° 05’ 00.” 00 |34377.5 11 |8.8259886 | 3° 49’ 56.” 39| 3125.36 
2 |7.5606380 |0° 12’ 30.’” 00 |17188.8 12 |8.8971657 | 4° 80’ 43.’’ 95 | 2864 93 
3 |7.8317091 |0° 23’ 20.” 00 |11459.2 13 |8.9630300 | 5° 14’ 50.’” 28| 2644.58 
4 |8.0377730 |0° 37’ 29.7 99 | 8594.42!| 14 |9.0248449 | 6° 02’ 14.”” 93} 2455.70 
5 |8.2041217 |0° 54’ 59.” 97 | 6875.55/} 15 |9.0817250 | 6° 52’ 57.’” 31 | 2292.01 
6 |8.3486473 |1° 15’ 49.”" 90 | 5729.65}| 16 |9.1856744 | 7° 46’ 56.’’ 71 | 2148.79 
7 |8.4638309 |1° 39’ 59.” 75 | 4911.15}] 17 |9.1866111 | 8° 44’ 12." 26) 2022.41 
8 |8 5694047 |2° 07’ 29.” 45 | 4297.28)| 18 |9.2348871 | 9° 44’ 42.” 92] 1910.08 
9 |8.6635555 |2° 38’ 18.” 90 | 3819.83)| 19 |9.2808016 |10° 48’ 27.’" 44| 1809.57 
10 |8.7485340 |8° 12’ 27." 95 | 8487.87|} 20 |9.8246119 |11° 55’ 24.’” 34} 1719.12 
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Rule for finding a Deflection 


TABLE XXXV.—DEFLECTION ANGLES, FOR 


Read under the heading corresponding to the point at which the instru- 
tment stands, and on the line of the number of the point observed. 












































Inst. at S Inst. at 1 Inst. at 2 Inst. at 3 Inst. at 4 
n t ‘ 7 . Z n 
0 00’ 17 30” 40” 1° 02’ 3077) 0 
1 05 10 30 51 40 1 
2 12 00 37 30 2 
3 23 15 20 3 
4 37 82 30 00 4 
5 55 53 20 30 25 5 
Gyan! 15 19 1° 1% 30 ike 20 52 30 6 
7} 1 40 1 1 45 00 1 30 1 23 20 uf 
8| 2 07 2 2 15 50 2 60 1 57 30 8 
9} 2 38 2 2 49 59 2 50 2 35 00 9 
10; 3 12 3 3 27 29 3 59 8; 15: 50+} 10 
1l| 3 49 4 4 08 18 4 28 3 59 59 | 11 
12) 4 30 4 4 52 26 4 17 4047 28 51 12 
13; 5 14 5 5 39 54 5 25 5- 38. 16} 18 
144) 6 02 6 6 30 40 6 52 6 32 24 | 14 
16" 6 52 fi 7 24 44 7 37 yp eo 00) | Lo 
16) 7 46 8 8 22 06 8 40 8 30 34 | 16 
17 | 8 44 9 9 22 45 9 01 9 34 36 | 17 
18} 9 44 10 10 26 39 37 10: AL) 55'p) 18 
19 | 10 48 11 ll 33 49 29 Il 52).29 2), 19 
20 | 11 55 12 12 44 12 35 13 06 18 | 20 
Inst. at 5 Inst. at 6 Inst. at 7 Inst. at 8 Inst. at 9 

% é } ry ; 4 ze 
On te.ao, a 3° 00’ 00” 3° 52) oh.4 AO HL Ae 
1 }e-}-<22 2 2 44 10 3 00 4 32 31 1 
21-1 ‘06 1 2-25 00 3 10 4 10 Ol 2 
3 47 1 2 02 30 2 00 3 44 10 3 
4 25 1 36 40 2 30 3 15 00 4 
5 00 1 07 30 1 40 2 42 30 5 
6 30 35 1 30 2 06 40 6 
Til 02 00 1 27 30 if 
8} 1 38 1 40 45 8 
9} 2 17 1 1 22 30 00 9 
10} 3 00 2 2 08 20 + 30 50 10 
ll} 3 45 3 2 57 30 2 20 1 42 30 | ll 
12) 4 34 4 3 50 00 3 30 2 38 20 | 12 
13.5. 27 5 4 45 49 4 00 3 37 30 | 13 
14] 6 28 6 5 44 58 5, 49 4 40 00 | 14 
15) .7 22 7 6 47 26 6 58 5 45 49 | 15 
16) 8 24 8 7 53.14 7 26 6 54 57 | 16 
17) 9 30 9 9 02,19 8 13 So Oee bk 1T 
18/10 39 10 10 14 48 9 18 92a. 4h 18 
19 )'11 51 11 Il 30 24 11 40 10 42 16 | 19 
20] 13 07 13 12 49 21 12 20 12 04 38 | 20 
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Read under the heading corresponding to the point at which the instru- 
ment stands, and on the line of the number of the point observed. 









































Inst. at 10/Inst. at 11/Inst. at 12|Inst. at 13) Inst. at 14 | Inst. at 15 
Be $ t Dy t 4 4 “4 
0 | BP. Bi” 32/7) 7° 10% 04’) 8° 20’ 167% 9° 55” 10’7),.119/ 27% 45") 13° 07" 03") 0 
1/5 36 42 | 6 47 83 | 8 05 05 | 9 29 18 | 11 00 13] 12 37 49 1 
2/5 12 31 |6 2h) 42 | 7 87 3449 00 06 | 10 29,20 | 12,05 161 2 
Bl 42407 OL Wb! be vee let a06 Aon cucekmao: | 9 oon 08 TL 929) 230d 
4) #aid) 10 | Bb 20° 01,| 6 82 32.) % 51 44 9 17 86 | 10 50 10] 4 
513 40 00 |4 44 10/5 55 01/7 12 82 |] 8 386 45/10 07 37} 5 
6|3 02 30 | 4 05 00/5 14 11/6 30 02 7-52-88 | 921 145 6 
7/2 21 40 | 8 22 80) 4 380 00/5 44 ll 7 05 02 8 82 84) 7 
8) eat. 807 e 36040) 39 82°30 |) 42°55) 100: || 6. 4 a) 7 40 02) 8 
9 50 1 47 80 | 2 51 40 | 4 02 30} 5 20 00| 6 44 ll 9 
10 00 55 L BY 805) B81 06 40 a45922):80 | 5) 45 (01/4710 
ll 55 00 1 00 00 |2 O07 30] 8 21 40] 4 42 30) 11 
12)1 52 30/;1 00 00 00 1 05 00} 2 17 30 | 3 36 40 | 12 
13 | 2 58 20 1-2 02 30] 1 05 00 00 1 10 00 2 27 30 | 13 
14/3 57 30 |8 08 °20°] 2 12 30}1 10 00 00 1 15 00 | 14 
15/5 05 00/4 17 80]38 23 20/2 22 30| 1 15 00 00 15 
16/615 49/15 29 5914 87 30 | 3 38 20| 2 382 30 1 20 00 | 16 
17 | 7029 57 |6 45 4815 54 59] 4 57 30 fo8 53 20] 2 42 30 | 17 
1s 8 47% 24/8 04.57 | 7 15 48 | 6: 19759 5217°80 | 4 08 20 | 18 
19 |10 08 10 |9 27 2418 89 56/7 45°48; 6 44 59 5 87 (30 || 19 
$0411 32-14-10 53-09 110-07 23-9 14-56 8 15 48 7 09 59 | 20 
Inst. at 16 | Inst. at 17 | Inst. at 18 | Inst. at 19 | Inst. at 20 
a t ry a t a ay 
0 | 14° 53’ 037 | 16° 45’ 48”| 18° 45’ 17’ | 20° 51’ 33/7| 23° 04’ 36”) 0 
1 | 4422 - 09 16 13 11 18 10 59 20 15 32 22 26 52 1 
2|138 47 54 1 eT 15 17 83 21 19 36 11 21 45 48 2 
3 | 18 10 20 14 57 59 16 52 23 18 538 31 21 ly 25 3 
4|12 29 26 14 15 24 16 08 05 18 07 31 20 18 42 4 
5.) ll 45 12 13 29 29 15 20 28 17 18 12 19 22 40 5 
6 | 10 57 39 12 40 14 14 29 32 | 16 25 33 18 28 19 6 
7|10 06 46 ll 47 41 13:.350 17 15 29 36 17 30 39 Hf 
8) 9 12 34 10-51. 47 12° 37. 42 14 30 20 16 29 40 8 
9} 8 15 08 9 52 35 1l 36 49 | 13 27 44 15 25 23 9 
LO 14 8 50 03 10 382 36 12° 21 50 14 17 46 | 10 
Ti | aGad0 ¢ OL 7 44 12 9 25 03 1l 12 36 13 06 51 | Il 
12) 5 02 30 6 35 Ol 8 14 12 10 00 04 11.52 37 4 12 
13 | 8 51 40 5 22 30 7 00 Ol | 8 44 Ile 10 385 04 | 18 
14] 2 87 30 4 06 40 5 42 30 ‘be 2am OW 9 14 12 | 14 
15 | -1 20 00 2 47 30 4 21 40 | 6 02 30 fr) UE) Uh aie 5) 
16 1 25 00 2 57 30 | 4 36 40 6 22 30 | 16 
17 | s¥u2b 7 00 00 1.3000 | 3, 0%, 30 4 51 40 | 17 
18| 2 52 30 1 30 00 00 1. 35 3.17 80 | 18 
19 | 4 23 20 3 02 30 1 385 00 00 1 40 19 
20) 5 57 30 4 38 20 3 12 30 1 40 00 20 
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TABLE XXXVI.—DEGREES OF CURVES 


DEGREE OF CURVE AND VALURS OF THE COORDINATES Z AND y, FOR EACH 
FoR VaRIOoUS LENGTHS OF THE CHORD 


. CHORD-LENGTH = 10 


CxHorp-PoInt OF THE SPIRA 












































n ne D, y x Log z 
1 10 1° 40° 00” 10.000 0.0145 8.162696 
2 20 3 20 02 20.000 0727 8.861664 
3 30 5 00 06 29.999 2036 9.308815 
4 40 6 40 18 39.996 4363 9.639792 
5 50 8 20 26 49.990 7998 9.903002 
6 60 10 00 45 59.976 1.323 0.121624 
7 70 ll 41 12 69.951 2.035 0.308622 
8 80 13 21 48 79.907 2.965 0.471991 
9 90 15 02 34 89.838 4.140 0.617015 
10 100 16. 43 31 99.732 5.589 0.747370 
11 110 18 24 42 109.578 7.340 0.865712 
12 120 20 06 07 119.359 9.419 0.974022 
13 130 21 47 48 129.059 11.853 1.073818 
14 140 23 29 46 138.655 14.655 1.166281 
15 150 25 12 02 148.125 17.879 1.252352 
16 160 26 54 39 157.439 21.517 1.332788 
17 170 28 37 38 166.569 25.598 1.408205 
18 180 30. 21 O01 175.479 30.138 1.479112 
19 190 32 04 48 184.132 35.150 1.545931 
20 200 33 49 02 192.487 40.646 1.609013 
35 33 46 
c. CHORD-LENGTH = 11 
n nc D; y £ Log z 
1 ll 1° 30° 55” 11.000 0.0160 8.204089 
2 22 3 O01 50 22.000 0800 8.903057 
3 33 4 32 48 32.999 -2240 9.350208 
4 44 6 03 48 43.996 -4799 9.681185 
5 55 7 34 52 54.989 8798 9.944394 
6 66 9 06 O1 65.974 1.456 0.163017 
7 7 10 37 16 76.946 2.239 0.350015 
8 88 12 08 37 87.898 3.261 0.513384 
9 99 13 40 06 98.822 4.554 0.658408 
10 110 15 ll 44 109.706 6.148 0.788763 
ll 121 16 43 31 120.536 8.074 0.907104 
12 132 18 15 29 131.295 10.361 1.015415 
13 143 19 47 39 141.965 13.038 1.115210 
14 154 21 20 OL 152.521 16.181 1.207674 
15 165 22 52 38 162.937 19.667 1.293745 
16 176 24 25 29 173.183 23.669 1.374180 
17 187 25 58 36 183.226 28.158 1.449598 
18 198 27 32 OL 193.027 33.152 1.520505 
19 209 29 05 45 202.545 38. 665 1.587323 
20 220 = i i 211.785 44.710 1.650405 











AND COORDINATES 2 AND Y 301 


c. CHORD-LENGTH = 12 


pr 














n ne D, y x Log x 
i! 12 : 23’ 20” 12.000 0.0175 8.241877 
2 24 46 41 24.000 - 0873 8.940845 
3 36 j 10 03 85.999 - 2443, 9.387997 
4 48 5 33 28 47.996 -5236 9.718974 
5 60 6 56 55 59.988 -9598 9.982183 
6 72 8 20 26 71.971 1.588 0.200806 
7 84 9 44 O1 83.941 2.442 0.387803 
8 96 ll 07 42 95.889 3.558 0.551172 
9 108 12 31 28 107. 806 4.968 0.696196 
10 120 13 55 21 119.679 6.707 0.82655), 
il 182 15 19 22 131. 493 8.808 0.944893 
12 144 16 43 31 143.231 11.308 1.058204 
13 158 18 07 48 154.871 14.223 1.152999 
14 168 19 382 15 166.386 17.598 1.245462 
15 180 20 56 53 177.749 21.455 1.331533 
16 192 22 21 43 188.927 25.821 1.411969 
17 204 23 46 44 199.883 30.718 1.487886 
18 216 25 11 59 210.575 36.165 1.558293 
19 228 26 37 28 220.958 42.181 1.625118 
20 240 4 a i 230.984 48.774 1.688194 





























n ne Ds y z Log z 
1 13 1° 16’ 557 13.000 0.0189 8.276639 
2 26 2 33 52 26.000 0945 8.975607 
3 39 3 50 49 38.999 -2647 9.422759 
4 52 5 O07 48 51.995 .5672 9.753786 
5 65 6 24 49 64.987 1.040 0.016945 
6 78 7 Al 58 77.969 1.720 0.235568 
7 91 8 59 00 90.936 2.646 0.422565 
8 104 10 16 12 103.879 3.854 0.585934 
9 117 1l 33 28 116.789 5,382 0.730959 
10 130 12 50 49 129.652 7.266 0.861818 
11 143 14 08 16 142.451 9.542 0.979655 
12 156 15 25 50 155.167 12.245 1.087966 
13 169 16 43 30 167.776 15.409 1.187761 
14 182 18 01 18 180.252 19.064 1.280224 
15 195 19 19 14 192.562 23.248 1.366295 
16 208 20 37 20 204.671 27.972 1.446781 
17 221 21 55 34 216.540 33.277 1.522148 
18 234 23 14 00 228.123 39.179 1.593055 
19 247 24 82 35 239.371 45.696 1.659874 

260 pa i os 250.233 52.839 1.722956 
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c. CHORD-LENGTH = 14 


re eens tian Ng Tele TF gars oe ee Men 

















n ne De y a Log « 
1 14 OP 26" 14.000 0.0204 8.308824 
2 28 2.22 52 28.000 . 1018 9.007792 
3 42 3 34 19 41.999 - 2851 9.454943 
4 56 4 45 48 55.995. -6108 9.785920 
5 70 5 57 18 69.986 1.120 0.049130 
6 84 7 08 51 83.966 1.852 0.267752 
7 98 8 20 26 97.931 2.849 0.454750 
8 112 9 32 04 111.870 4.151 0.618119 
9 126 10 43 47 125.773 5.796 0.763143 

10. 140 we DD 8e 189.625 7.825 0.893498 

Il 154 13 07 24 153.409 10.276 1.011840 

12 168 14 19 20 167.103 13.187 1.120150 

13 182 15 31 22 180.682 16.594 1.219946 

14 196 16 43 29 194.117 20.531 1.312409 

15 210 17 55 44 207.374 25.031 1.398480 

16 224 19 06 05 220.415 80.124 1.478915 

17 238 20 20 34 233.196 35. 837 1.554338 

18 252 el 33 11 245.670 42.193 1.625240 

19 266 22 45 56 257.785 49.211 1.692059 

20 280 oe ad 7 269.481 56.903 1.755141 








ce. CHORD-LENGTH = 15 











n ne D; y x Log x 
1 15 1° 06’ 40” 15.000 0.0218 8.338787 
2 30 2 13 20 30.000 -1091 9.037755 
3 45 3 20 02 44.998 38054 9.484907 
4 60 4 26 44 59.994 -6545 9.815884 
5 75 5 383 28 74.984 1.200 0.079098 
6 90 6 40 13 89.964 1.985 0.297716 
7 105 7 47 Ol 104.926 3.058 0.484713 
8 120 8 53 51 119. 861 4.447 0. 648082 
9 135 10 00 45 134. 757 6.210 0.793107 
10 150 ll 07 41 149.599 8.384 0.923461 
ll 165 12 14 41 164.367 11.010 1.041808 
12 180 13 21 47 179.089 14.129 1.150114 
13 195 14 28 56 193.588 17.779 1.249909 
14 210 15 36 09 207.983 21.997 1.342372 
15 225 16 43 28 222.187 26.819 1. 428443 
16 240 17 50 54 236. 159 32.276 1.508879 
17 255 18 58 25 249. 853 38.397 1.584296 
18 270 20 06 02 263.218 45.207 1.655203 
19 285 21 13 47 276.198 52.726 1.722022 
20 300 be bh PH 288.730 60.968 1.785104 




















AND COORDINATES ® AND Y 


Cc. 


CHORD-LENGTH = 16 














303 























n ne D, y x Log x 
1 16 1° 02’ 30” 16.000 0.0233 8.366816 
2 82 2 05 00 32.000 -1164 9.065784 
3 48 3 07 31 47.998 8258 9.512935 
4 64 4 10 08 68.994 -6981 9.843912 
5 80 5 12 36 79.983 1.280 0.107122 
6 96 6 15 ll 95.961 2.117 0.325744 
7 112 7 MT 47 111.921 8.256 0.512742 
8 128 8 20 26 127.852 4.744 0.676111 
9 144 9 23 07 143.741 6.624 0.821135 
10 160 10 25 51 159.572 8.948 0.951490 
ll 176 ll 28 387 175.325 11.744 1.069832 
12 192 12 31 28 190.975 15.071 1.178142 
13 208 13 34 21 206.494 18.964 1.277938 
14 224 14. 37 20 221.848 23.464 1.370401 
15 240 15 40 21 236.999 28.607 1.456472 
16 256 16 43 28 251.903 34.428 1.536907 
17 272 17 46 40 266.510 40.957 1.612325 
18 288 18 49 57 280.766 48.221 1.683232 
19 304 19 53 20 294.611 56.241 1.750051 
20 320 20 56 49 307.979 65.032 1.813133 
22 00 23 
Pale 
c. CHORD-LENGTH = 17 
n ne De y e Log zx 
i 17 0° 58’ 49” 17.000 0.0247 8.393145 
2 34 NET OS) 34.000 .1236 9.092113 
3 51 2-50. eh 50.998 3461 9.539264 
4 68 aecoo. 19) 67.994 TAT 9.870241 
5 85 4 64 12 84.982 1.360 0.133451 
6 102 5 53 06 101.959 2.249 0.352078 
7 119 6 52 00 118.916 3.460 0.539071 
8 136 150) 57 135.842 5.040 0.702440 
9 153 8 49 55 152.725 7.038 0.847464 
10 170 9 48 56 169.545 9.502 0.977819 
11 187 10 48 00 186.282 12.478 1.096161 
12 204 ll 47 O7 202.911 16.018 1.204471 
13 221 12 46 15 219.400 20.150 1.304267 
14 238 13 45 27 235.714 24.930 1.396750 
15 255 14 44 44 251.812 30.395 1.482801 
16 272 15 44 03 267.647 36.579 1.563236 
17 289 16. 43 27 283.167 43.516 1.638654 
18 306 17 42 56 298.314 51.234 1.709561 
19 323 18 42 29 313.024 59.756 1.776380 
20 340 19 42 07 827.228 69.097 1.839462 
20 41 49 


304 TABLE XXXVI.—DEGREES OF CURVES 


c. CHORD-LENGTH = 18 


a a 











n nc D; y “2 Log z 
1 18 0°) 55" 33” 18.600 0.0262 8.417968 
2 36 1151 07 36.000 - 1309 9.116937 
3 54 2 46 40 53.998 3665 9.564088 
4 72 3 42 16 71.993 . 7858 9. 895065 
5 90 4 37 51 89.981 1.440 0.158274 
6 108 5 33 28 107.957 2.382 0.376897 
7 126 6 29 05 125.911 3.663 0.563894 
8 144 7 24 45 143.833 5.337 0.727263 
9 162 8 20 26 161.708 7.452 0. 872288 
10 180 9 16 08 179.518 10.061 1.002643 
ll 198 10 11 54 197.240 13.212 1.120984 
12 216 ll 07 41 214.847 16.955 1.229295 
13 234 12 03 31 232.306 21.335 1.329090 
14 252 12 59 24 249.579 26.397 1.421554 
15 270 13 55 20 266.624 32.183 1.507624 
16 288 14 51 18 283.391 38.731 1.588060 
17 306 15 47 20 299. 824 46.076 1.663477 
18 324 16 43 27 315.862 54.248 1.734385 
19 342 17. 39 37 331.437 63.271 1.801203 
20 360 * - - 346.476 73.161 1.864285 

















ce. CHORD-LENGTH = 19 








n ne D; y x Log x 
1 19 0° 52’ 38” 19,000 0.0276 8.441450 
2 38 1 45 16 38.000 . 1382 9.140418 
3 57 2 87 54 56.998 3869 9.587569 
4 76 3 30 34 75.993 -8290 9.918546 
5 95 4 23 13 94.980 1.520 0.181755 
6 114 5) 15) 54 113.954 2.514 0.400378 
7 133 6 08 36 132.906 3.867 0.587376 
8 152 7 Ol 19 151.824 5.633 0.750744 
9 171 7 54 08 170.692 7.866 0.895769 
10 190 8 46 49 189.491 10.620 1.026124 
Il 209 9 39 36 208.198 13.947 1.144465 
12 228 10 32 26 226 . 783 17.897 1.252776 
13 247 Il 25.18 245.212 22.520 1.352571 
14 266 12 18 12 263.445 27.863 1.445035 
15 285 13 11 09 281.437 33.971 1.531105 
16 304 14 04 09 299.135 40. 883 1.611541 
17 323 14 57 11 316.481 48.636 1.686958 
18 342 15 50 16 833.410 57.262 1.757866 
19 361 16 48 25 349.851 66.786 1.824684 
20 380 aS a Mi 365.725 77.226 1.887766 

















AND COORDINATES ZY AND Y 





Cc. 


CHORD-LENGTH = 20 






































305 





n ne Ds; y a Log x 
1 20 0° 50’ 00” 20.000 0.0291 8.463726 
2 40 1 40 00 40.000 . 1454 9.162694 
3 60 2 30 01 59.998 4072 9.609845 
4 80 3 20 02 79.993 8726 9.940822 
5 100 4 10 08 99.979 1.600 0.204082 
6 120 5 00 05 119.952 2.646 0.422654 
7 140 5 50 08 139.901 4.071 0.609652 
8 160 6 40 13 159.815 5.930 0.773021 
9 180 7 30 18 179.676 8.280 0.918045 
10 200 8 20 26 199.465 11.179 1.048400 
ll 20 9 10 34 219.156 14.681 1.166742 
12 240 10 00 44 238.719 18.839 1.275052 
13 260 10 50 56 258.118 23.705 1.374848 
14 280 11 41 10 277.310 29.330 1.467811 
15 300 12.31 26 296.249 35.759 1.553382 
16 320 13. 21 45 314.879 43.035 1.633817 
17 340 14 12 06 333.138 51.196 1.709235 
18 360 15-02 29 350. 958 60.276 1.780142 
19 380 15°52 55 868.264 70.301 1.846961 
20 400 16 43 25 884.974 81.290 1.910043 
17 383 58 
ce. CHORD-LENGTH = 21 
n nc D, y £ Log z 
1 21 0° 47° 37” 21.000 0.0305 8.484915 
2 42 1 35 14 42.000 1527 9.183883 
3 63 2. 22 52 62.998 4276 9.631035 
4 84 3 10 30 83.992 9162 9.962012 
5. 105 3 58 08 104.978 1 680 0.225221 
6 126 4 45 47 125.949 2.779 0.443844 
7 147 5/138 27 146.896 4.274 0.630841 
8 168 6 21 08 167.805 6.226 0.794210 
9 189 7 08 50 188.660 8.694 0.939235 
10 210 7 56 33 209.438 11.788 1.069589 
11 231 8 44 18 230.114 15.415 1.187931 
12 252 9 32 03 250.655 19.781 1.296242 
13 273 10 19 51 271.023 24.891 1.396037 
14 294 1l 07 40 291.176 30.796 1.488500 
15 315 ll 55 31 311.062 37.547 1.574571 
16 336 12 43 24 830.623 45.186 1.655007 
17 357 13 31 20 349.795 53.756 1.730424 
18 378 14 19 17 368 . 506 63.289 1.801331 
19 399 15 O07 17 386.677 73.816 1.868150 
20 420 1p a a 404.222 85.356 1.931232 























306 TABLE XXXVI.—DEGREES OF CURVES 








ec. CHORD-LENGTH = 22 









































n ne D, y x Log z 
1 22 De OT”, 22.000 0.0320 8.505119 
2 44 1° 30 53 44.000 - 1600 9.204087 
3 66 2 16 22 65.998 4480 9.651238 
4 88 3 01 50 87.992 . 9599 9.982215 
5 110 3 47 18 109.977 1.760 0.245424 
6 132 4 32 48 131.947 2.911 0.464047 
7 154 5 18 18 158,891 4.478 0.651045 
8 176 6 48 175.796 6.522 0.814414 
9 198 6 49 19 197.643 9.108 0.959438 
10 220 7 34 51 219.411 12.297 1.089793 
1l 242 8 20 25 241.071 16.149 1.208134 
12 264 9 06 00 262.591 20.723 1.316445 
13 286 9 51 36 283.929 26.076 1.416240 
14 308 10 37 13 305.042 82.263 1.508704 
15 330 Il 22 53 825.874 39.335 1.594775 
16 |} 352 12 08 34 346.367 47.338 1.675210 
17 374 12 54 16 366.451 56.315 1.750628 
18 396 13 40 01 386.054 66.303 1.821535 
19 418 14 25 49 405.090 77.331 1.888353 
15 11 40 
c. CHORD-LENGTH = 23 
1 23 0° 43° 29”” 23.000 0.0335 8.524424 
2 46 1 26 58 46.000 1678 9.223392 
3 69 2 10 26 68.998 -4683 9.670543 
4 92 2 53 56 91.991 1.004 0.001520 
5 115 3 37 26 114.976 1.840 0.264729 
6 138 4 20 56 137.945 3.043 0.483352 
7 161 5 04 26 160.886 4.681 0.670350 
8 184 OAT 08 183.787 6.819 0.833719 
9 207 6 31 30 206.627 9.522 0.978743 
10 230 7 15 04 229.384 12.856 1.109098 
ll 253 7-58 38 252.029 16.883 1.227439 
12 276 8 42 18 274.527 21.665 1.335750 
13 299 9 25 49 296. 835 27.261 1.435545 
14 322 10 09 27 318.907 33.729 1.528009 
15 345 10 53 06 340.686 41.123 1.614080 
16 368 ll 36 47 362.110 49.490 1.694515 
17 391 12 20 29 383.108 58.875 1.769933 
18 414 13 04 13 403. 602 69.317 1.840840 
13. 47 59 
c. CHORD-LENGTH = 24 
1 24 4)’ 40’” 24.000 0.0349 8.542907 
2 48 1° 23 20 48.000 1745 9.241875 
3 72 2 05 00 71.998 4887 9.689027 
4 96 2 46 41 95.991 1.047 0.020004 
5 120 3 28 22 119.975 1.920 0.283213 
6 144 4 10 03 143.942 3.176 0.501836 
7 168 4 51 45 167.881 4.885 0.688833 
8 192 5 33 28 191.777 7.115 0.852202 
9 216 6 15 10 215.611 9.936 0.997226 
10 240 6 56 54 239.358 13.415. 1.127581 
ll 264 7. 38 39 262.987 17.617 1.245923 
12 288 8 20 25 286.463 22.607 1.354234 
13 312 9. 02 12 309.741 28.446 1.454029 
14 336 9 44 00 332.773 35.196 1.546492 
15 360 10 25 48 355.499 42.910 1.682563 
16 384 ll 07 39 377.854 51.641 1.712999 
7 408 ll 49 31 399.765 61.435 1.788416 
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AND COORDINATES Z AND y 307 


c. CHORD-LENGTH = 25 





3 








COND COPWor 























| 

De y x Log z 
0° 40’ 00’ 25.000 0.0364 8.560636 
1 20 00 50.000 1818 9.259604 
2 00 00 74.997 .5090 9.706755 
2 40 Ol 99.991 1.091 0.087732 
3 20 02 124.974 2.000 0.300942 
4 00 03 149.940 3.308 0.519564 
4 40 04 174.876 5.088 0.706562 
5 20 06 199.768 7.412 0.869931 
6 00 09 224.595 10.350 1.014955 
6 40 13 249.331 13.974 1.145310 
7 20 17 273.945 18.351 1.263652 
8 00 22 298.398 23.548 1.371962 
8 40 28 822.647 29.632 1.471758 
9 20 35 346.638 36.662 1.564221 
10 00 43 370.311 44,698 1.650292 
10 40 52 393.598 58.793 1.730727 
il 21 03 416.421 63.995 1.806145 
12 01 16 

c. CHORD-LENGTH = 26 
0° 38’ 28” 26.000 0.0378 8.577669 
1 16 56 52.000 1891 9.276637 
1 55 24 77.997 5294 9.723789 
2 33 52 103.990 1.134 0.054766 
3 12 20 129.973 2.080 0.317975 
3 50 48 155.937 3.440 0.536598 
4 29 18 181.871 5.292 0.723595 
5 O7 48 207.759 7.708 0.886964 
5 46 18 233.579 10.764 1.031989 
6 24 48 259.304 14.533 1.162348 
7 03.20 284.903 19.085 1.280685 
7 Al 52. 310.334 24.490 1.388996 
8 20 25 335.553 30.817 1.488791 
8 58 59 360.504 38.129 1.581254 
9 37 33 885.124 46.486 1.667325 
10 16 09 409.341 55.945 1.747761 
10 54 47 





c. CHORD-LENGTH = 27 





B= Swowoas omwrnoe 


in 





= 
OV 





— 











0° 37’ 02” 27.000 0.0393 8.594060 
1 14 04 54.000 - 1963 9.293028 
OL 07 80.997 -5498 9.740179 
2 28 10 107.990 1.178 0.071156 
3 05 12 134.972 2.160 0.334365 
3 42 15 161.935 ) 3.573 0.552988 
4 19 19 188. 866 SS IDP490 - | 0.739986 
4 56 23 215.750 8.005 0.903355 
5 33 28 242.562 11.178 1.048379 
6 10 32 269.277 15.092 1.178734 ; 
6 47 38 295.860 19.819 1.297075 
7 24 44 322.270 25.432 1.405386 
8 01 51 848.459 32.002 1.505181 
8 38 59 374.369 39.595 1.597645 
9 16 07 399.936 48. 274 1.683716 
9 53. 16 





08 TABLE XXXVI.—DEGREES OF CURVES 








c. CHORD-LENGTH = 28 
y 




















n ne Ds y = Log z 
1 28 0° 35’ 42” 28.000 0.0407 8.609854 
P 56 Lett 26 55.999 . 20386 9.308822 
33 84 1 47 08 83.997 5701 9.755973 
4 112 2 22 52 111.990 1.222 0.086950 
5 140 2 58 36 139.971 2.240 0.350160 
6 168 3 34 19 167.933 3.705 0.568782 
7 196 4 10 08 195.862 5.699 0.755780 
8 224 4 45 48 223.740 8.301 0.919149 
9 252 Daselt ise 251.546 11.592 1.064173 
10 280 LSA aes Ug 279.251 15.650 1.194528 
ll 308 6 33 03 306.818 20.553 1.312870 
12 336 7 08 50 334.206 26.374 1.421180 
13 364 7-44 36 361.365 33.188 1.520976 
14 392 8 20 24 388. 235 41.062 1.613439 
15 410 8 s ie 414.748 50.062 1.699510 





ce. CHORD-ILiNGTH = 29 
UE eee ee 





1h 29 0° 34’ 29” 29.000 0.0422 8.625094 
2 58 1 08 58 57.999 2109 9.324062 
3 87 1 43 27 86.997 5905 9.771218 
4 116 2 17 56 15.989 1.265 0.102190 
5 145 2 52 26 144.970 2.320 0.365400 
6 174 3 26 55 173.930 3.837 0.584022 
uf 208 4 01 26 202. 857 5.902 0.771020 
8 232 4 35 56 231.731 8.598 0.934389 
9 261 5 10 26 260.530 12.006 1.079413 
10 290 5 44 57 289.224 16.209 1.209768 
ll 319 6 19 29 317.776 21.287 1.328110 
12 348 6 54 01 346.142 27.316 1.438420 
13 377 7 28 34 874.271 34.373 1.536216 
14 406 3 a a 402.100 42.528 1.628679 











c. CHORD-LENGTH = 30 





1 30 0° 33’ 20” 30.000 0.0436 8.639817 
2 60 1 06 40 59.999 - 2182 9.338785 
3 90 1 40 00 89.997 -6108 9.785937 
4 120 2 13 20 119.989 1.309 0.116914 
5 150 2 46 41 149.969 2.400 0.380123 
6 180 3 20 02 179.928 3.970 0.598746 
7 210 3 58 22 209.852 6.106 0.785748 
8 240 4 26 44 289. 722 8.894 0.949112 
9 270 5 00 05 269.514 12.420 1.024137 
10 300 5 383 27 299.197 16.768 1.224491 
ll 330 6 06 49 828.734 22.021 1.342833 
12 360 6 40 12 358. 078 28.258 1.451144 
13 390 7 13 36 387.176 35.558 1.550939 
14 420 8 5 a 415.965 43.995 1.643402 




















—$ 








AND COORDINATES Z AND Y 


ce. CHORD-LENGTH = 81 




















309 














n ne Ds y c Log z 
1 31 0° 32’ 15” 31.000 0.0451 8.654058 
2 62 1 04 31 61.999 2254 9.353026 
3 93 1 36 47 92.997 .6312 9.800177 
4 124 2 09 02 123.988 1.353 0.131154 
5 155 2 41 18 154.968 2.479 0.394363 
6 186 3 13 34 185.925 4.102 0.612986 
7 217 3 45 50 216.847 6.309 0.799984 
8 248 4 18 07 247.713 9.191 0.963353 
9 279 4 50 24 278.498 12.834 1.108377 
10 310 5 22 41 309.170 17.327 1.238732 
ll 341 5 54 59 339.692 22.755 1.357073 
12 372 62 17 370.014 29.200 1.465384 
13 403 6 59 35 400.082 36.743 1.565179 
7 31 53 
c. CHORD-LENGTH = 32 
1 32 0° 31’ 15” 32.000 0.0465 8.667846 
2 64 1 02 30 63.999 2327 9.366814 
3 96 1 33 45 95.997 6516 9.813965 
4 128 2 05 00 127.988 1.396 0.144942 
5 160 2 36 16 159.967 2.559 0.408152 
6 192 3 07 31 191.923 4.234 0.626774 
46 224 3 38 47 223. 842 6.513 0.813772 
8 256 4 10 255.703 9.487 0.977141 
9 288 4 41 19 287.481 13.248 1.122165 
10 320 5 12 36 319.144 17.886 1.252520 
ll 352 5 43 53 350.649 23.489 1.370862 
12 384 6 15 10 381.950 30.142 1.479172 
13 416 6 46 28 412.988 37.929 1.578968 
7 17 46 
c. CHORD-LENGTH = 33 
1 33 0° 30’ 19’” 33.000 0.0480 8.681216 
2 66 1 00 36 65.999 .2400 9.380178 
3 99 1 30 55 98.997 .6719 9.827329 
4 132 en0ve 13 131.988 1.440 0.158806 
5 165 2 31 32 164.966 2.639 0.421516 
6 198 3 01 50 197.921 4.367 0.640138 
7 231 3 32 09 230.837 6.716 0. 827136 
8 264 4 02 28 263.694 9.784 0.990505 
9 297 4 32 48 296.465 13.662 1.135529 
10 330 5 03 07 329.117 18.445 1.265884 
ll 363 5 33 27 361.607 24.223 1.384226 
12 396 6 03 47 393. 886 31.084 1.492536 
13 429 - o aA 425.872 39.114 1.592332 





310 TABLE XXXVI.—DEGREES OF: CURVES 


c. CHORD-LENGTH = 34 
ee, eee aS Se 








n nc Ds y ae Log x 
1 34 vs PA Pay 34.000 0.0495 8.694175 
2 68 58 49 67.999 2473 9.393143 
3 102 28 14 101.996 6923 9.840294 
4 136 1 57 39 135.987 1.483 0.171271 
5 170 2 27 04 169.965 2.719 0.434481 
6 204 2 56 29 203.918 4.499 0.653103 
7 238 3 25 55 237 . 832 6.920 0.840101 
8 272 3 55 20 271.685 10.080 1.003470 
9 306 4 24 46 305.449 14.076 1.148494 
10 340 4 54 12 339.090 19.004 1.278849 
i 374 5 23 38 372.565 24.957 1.397191 
12 408 ; a ‘a 405.822 32.026 1.505501 





c. CHORD-LENGTH = 35 








1 35 0° 28’ 34” 35.000 0.0509 8.706764 
2 70 0 57 09 69.999 - 2545 9.405732 
3 105 1 25 43 104.996 1127 9.852883 
4 140 1 54 17 139.987 1,527 0.183860 
5 175 2 22 52 174.964 2.799 0.447070 
6 210 2 51 27 209.916 4.631 0. 665692 
7 245 3 20 OL 244. 827 7.123 0.852690 
8 280 3 48 36 279.675 10.377 1.016059 
9 315 4 17 12 314. 433 14.490 1.161083 
10 350 4 45 47 349.063 19.563 1.291438 
Il 385 5 14 23 883.523 25.691 1.409780 
12 420 : 2 417.758 32.968 1.518090 








c. CHORD-LENGTH = 86 








1 36 Ht 27’ 47” 36.000 0.0524 8.718998 
2 72 55 33 71.999 -2618 9.417967 
3 108 1 23 20 107.996 - 7330 9.865118 
4 144 1 51 07 143.987 1.571 0.196095 
5 180 2 18 54 179.968 2.879 0.459304 
6 216 2 46,41 215.913 4.764 0.677927 
7 252 3 14 28 251.822 7.327 0.864924 
8 288 3 42 15 287.666 10.673 1.028293 
9 324 4 10 03 323.417 14.905 1.173318 
10 360 4 37 51 359.037 20.122 1.303673 
il 396 5 05 39 394.480 26. 425 1.422014 
12 432 . 7 a 429 .694 33.910 1.530325 

















a 


0° 27’ 02” 


SCOOND SCP CODe 


— 
oy 


AND COORDINATES % AND Y 


OF PPWWRM NHHOS 


c. 


CHORD-LENGTH = 37 


54 03 


21 
48 
15 


42 
09 
36 
03 
30 


57 


24 


1.433913 





Cc. 


CHORD-LENGTH = 38 
at == ee Ee ee ee 











1 38 0° 26’ 19” 38.000 0.0553 8.742480 
2 16 0 52 39 75.999 2763 9.441448 
3 114 1 18 57 113.996 1737 9. 888599 
4 152 1 45 16 151.986 1.658 0.219576 
5 190 2 11 35 189.961 3.039 0.482785 
6 228 2 37 54 227.909 5.028 0.701408 
7 266 3 04 14 265.812 7.734 0.888408 
8 304 3 30 33 303.648 11.266 1.051774 
9 342 3 56 53 341.384 15.733 1.196799 
10 380 4 23°13 378.983 21.240 1.327154 
ll 418 4 49 33 416.396 27.893 1.445495 
5 15 53 
c. CHORD-LENGTH = 39 
1 39 0° 25’ 38’” 39.000 0.0567 8.753761 
2 78 0 51 17 77.999 2836 9.452729 
3 117 1 16 55 116.996 71941 9.899880 
4 156 1 42 34 155.985 1.702 0.220857 
5 195 2 08 13 194.960 3.119 0.494066 
6 234 2 33 51 233.906 5.160 0.712689 
7 273 2 59 30 272. 807 7.938 0.899687 
8 312 3 25 09 311.638 11.563 1. 063055 
9 351 3 50 48 350.368 16.147 1.208080 
10 390 4 16 28 388. 956 21.799 1.338435 
ll 429 4 42 07 427.354 28.627 1.456776 
5 07 46 





312 TABLE XXXVI.—DEGREES OF CURVES 


c. CHORD-LENGTH = 40 














n ne Ds y z Log x 
1 40 0° 25/ 00’ 40.000 0.0582 8.764756 
2 80 0 50 00 79.999 . 2909 9.463724 
3 120 1 15 00 119.996 8145 9.910875 
4 160 1 40 00 159.985 1.745 0.241852 
5 200 2 05 00 199.959 3.199 0.505062 
6 240 2 30 Ol 239.904 5.293 0.723684 
7 280 2°55 O1 279. 802 » 8.141 0.910682 
8 320 3 20 Ol 319.629 11.859 1.074051 
9 360 3 45 02 359.352 16.561 1.219075 
10 400 4 10 08 398.929 22.358 1.349430 
ll 440 ; 35 03 438 .312 29.361 1.467772 














c. CHORD-LENGTH = 


rrr PR 


1 41 0° 24’ 24” 41.000 0.0596 8.775480 
2 82 0 48 47 81.999 - 2982 9.474448 
3 123 1 13 10 122.996 -8348 9.921599 
4 164 1 37 34 163.985 1.789 0.252576 
5 205 2 Ol 57 204.958 3.279 0.515786 
6 246 2 26 21 245.901 5.425 0.734408 
ih 287 2 50 45 286.797 8.345 0.921406 
8 328 3 15 09 327.620 12.156 1.084775 
9 369 3 39 33 368.336 16.975 1.229799 
10 410 a a 408.903 22.917 1.360154 


c. CHORD-LENGTH = 42 





1 42 0° 23’ 49’” 42.000 0.0611 8.785945 
2 84 0 47 37 83.999 . 3054 9.484913 
3 126 Tli 26 125. 996 - 8552 9.932065 
4 168 1 35 14 167.984 1.832 0.263042 
5 210 1 59 02 209.957 3.359 0.526251 
6 252 2 22 52 251.899 5.557 0.744874 
7 294 2 46 41 293.792 8.548 0.931871 
8 336 3 10 30 335.611 12.452 1.095240 
9 378 3 34 19 377.319 17.389 1.240265 
10 420 : | 4 418.876 23.476 1.370619 




















AND COORDINATES 2 AND Yy 


e. 


CHORD-LENGTH = 43 
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n ne Ds 7] z Log z 
1 43 Om oo" 107 43.000 0.0625 8.796164 
2 86 0 46 31 85.999 -3127 9.495133 
3 129 1 09 46 128.996 8755 9.942284 
4 172 1 33 02 171.984 1.876 0.273261 
5 215 155565 17 214.955 3.4389 0.536470 
6 258 2 19 33 257.897 5.690 0.755093 
7 301 2 42 48 300.787 8.752 0.942090 
8 344 3 06 04 343.601 12.749 1.105459 
9 387 3 29 20 386 . 303 17.803 1.250484 
10 43) 3 52 35 428.849 24.035 1.380839 
4 15 50 
c. CHORD-LENGTH = 44 
1 44 0° 22’ 44’” 44.000 0.0640 8.806149 
2 88 0 45 27 87.999 38200 9.505117 
3 432 1 08 ll 131.995 8959 9.952268 
4 176 1 30 55 175.984 1.920 0.283245 
5 220 1 53 38 219.954 3.519 0.546454 
6 264 2 16 22 263. 894 5.822 0.765077 
7 308 2 39 06 307.782 8.955 0.952075 
8 352 3 01 50 351.592 13.045 1.115444 
9 396 3 24 34 395. 287 18.217 1.260468 
10 440 3 47 18 438 . 822 24.494 1.390823 
4 10 02 
c. CHORD-LENGTH = 45 
1 45 0° 22" 137 45.000 0.0655 8.815908 
2 90 0 44 27 89.999 38272 9.514877 
3 135 1 06 40 134.995 -9163 9.962028 
4 180 1 28 53 179.983 1.963 0.293005 
5 225 1'-51°07 224.953 3.599 0.556214 
6 270 2 13 20 269.892 5.954 0.774837 
7 315 2 35 34 314.778 9.159 0.961834 
8 360 2 57 48 359.583 13.341 1.125203 
9 405 3 20 O1 404.271 18.631 1.270228 
10 450 3 42 15 448.796 25.153 1. 400583 
4 04 28 
c. CHORD-LENGTH = 46 
1 46 0° 21’ 44” 46.000 0.0669 8.825454 
2 92 0 438 29 91.999 8345 9.524422 
3 138 1 05 13 137.995 9366 9.971573 
4 184 1 26 58 183.983 2.007 6.302550 
5 230 1 48 42 229.952 3.679 0.565759 
6 276 2 10 26 275. 889 6.087 0.784382 
7 322 2682911 321.773 9.362 0.971380 
8 368 2° 53° 56 367.573 13.638 1.134749 
9 414 3 15 40 413.255 19.045 1.279773 
10 460 3 rsh as 458.769 25.712 1.410128 
3 5 
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n ne Ds y x Log x 
1 47 0° 21’ 16” 47.000 0.0684 8.834794 
2 94 0 42 33 93.999 3418 9.533762 
3 M41 1 03 50 140.995 9570 9.980913 
4 188 1. 25.06 187.982 2.051 0.311890 
5 235 1 46 23 234.951 3.759 0.575100 
6 282 2 07 40 281.887 6.219 0.793722 
7 329 2 28 57 328.768 9.566 0.980720 
8 376 2 50 14 375.564 13.934 1.144089 
9 423 Ser eBi 422.238 19.459 1.289113 
10 470 3 32 48 468.742 26.270 1.419468 
3 54 05 
c. CHORD-LENGTH = 48 
1 48 0° 20’ 50” 48.000 0.0698 8.843937 
2 96 0 41 40 95.999 ‘3491 9.542905 
3 144 102 30 143.995 ‘9774 9.990057 
4 192 1 23 20 191.982 2.094 0.321034 
5 240 1 44 10 239 950 3.839 0.584243 
6 288 2 05 00 287. 885 6.351 0.802866 
7 336 2 25 51 335.763 9.769 0.989863 
8 384 2 46 41 383.555 14/231 1. 153232 
9 432 3 07 31 431.222 19.873 1.298256 
3 28 21 
c. CHORD-LENGTH = 49 
1 49 0° 20’ 25” 49.000 0.0713 8.852892 
2 98 0 40 49 97.999 13563 9.551860 
rine ee 1 01 14 146. 995 9977 9.999011 
4 196 1 21 38 195. 982 2.138 0.329988 
5 245 1 42 03 244.949 3.919 0.593198 
6 294 2 02 27 293. 882 6.484 0.811820 
1 343 2 22 52 342.758 9.973 0.998818 
8 392 2 43 17 391.546 14.527 1.162187 
9 | 441 3 03 41 440.206 20.287 1.307211 
3 24 06 
c. CHORD-LENGTH = 50 
1 50 0° 20’ 00” 50.000 0.0727 - 8.861666 
2 100 0 40 00 99.999 3636 9.560634 
3 150 1 00. 00 149.995 1.018 ° 0.007785. 
4 200 1 20 00 199. 981 2.182 0.338762 
5 250 1 40 00 249 948 3.999 0.601972 
6 300 2.00 00 299 . 880 6.616 0.820594 
7 350 2 20 00 349.753 10.176 1.007592 
8 400 2 40 Ol 399.536 14.824 1.170961 
9 450 3 00 ol 449.190 20.701 1.315985 


TABLE XXXVI.—DEGREES OF CURVES 
AND COORDINATES ® AND Y 


c. CHORD-LENGTH = 47 















































TABLE XXXVII.—FUNCTIONS OF SPIRAL ANGLE $ 
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ry 
SOWDAM SURWrOH 3 








cos 3 








log vers s 


4.626422 
5.580662 
6.182714 
6.626392 
6.978536 


7.270726 
7.520498 
7.738630 
7.932227 
8.106221 


8.264176 
8.408748 
8.541968 
8.665422 


8.780370. 


8.887829 
8.988625 
9.083441 
9.172846 

9.257314 


R.1° X 


vers $ 


73.173 


105.270 
146.857 
199.570 
265.186 
845.540 


442.543 
558. 153 
694.335 
853. 050 
1036.20 








sin s 








log sin s 


7.463726 
7.940842 
8.241855 
8.463665 
8.639680 


8.785675 
8.910404 
9.019235 
9.115698 
9.202234 


9.280599 
9.352088 
9.417684 
9.478142 
9.584052 


9.585877 
9.633984 
9.678663 
9.720140 
9.758591 











316 TABLE XXXVIII.—SPIRAL TANGENTS, 


Notr.—These coordinates locate the point A’ where the spiral are (n + 1) 
produced backward would meetya parallel tangent. They do not apply to 
the selected curve unless this has the same degree of curve as the spiral arc. 
(See Table XX XIX.) 


CHORD, 10 FEET 









































Tangent Tangent L. Chord Offset Dist. 

n SE. LE. SL. Dp. q. 
3 18.334 11.667 30.000 07 15.00 
4 25.001 15.001 39.999 ob) 20.00 
5 31.670 18.337 49.996 25 25.00 
6 38.339 21.674 59.991 -Al 29.99 
7 45.017 25.016 69.980 61 34.99 
8 51.700 28.363 79.962 .87 39.. 98 
9 58.390 31.719 89.933 1.20 44.96 
10 65.094 35.086 99. 889 1.60 49.94 
11 71.816 38.469 109.824 2.08 54.91 
12 78.560 41.873 119.731 2.64 59. 87 
13 85.333 45.304 129.602 3.30 64.81 
14 92.144 48.768 139. 429 4.06 69.73 
15 99.001 52.276 149.200 4.92 74.63 
16 105.916 55.835 158.903 5.90 79.50 
17 112.902 59.459 168. 824 6.99 84.34 
18 119.972 63.161 178.048 8.21 89.18 
19 127.144 66.956 187.457 9.56 93.88 
20 134. 439 70.863 196.781 11.04 98.58 

CHORD, 11 FEET 

Tangent Tangent L. Chord Offset Dist. 

SE. LE. SL. Dp. g 
3 20.17 12.83 33.00 08 16.50 
4 27.50 16.50 44.00 16 22.00 
5 34.84 20.17 55.00 28 27.50 
6 42.17 23.84 65.99 45 32.99 
7 49.52 27.52 76.98 67 38.49 
8 56.87 31.20 87.96 96 43.98 
9 64.23 34.89 98.93 1.32 49.46 
10 71.60 38.59 109.88 1.76 54.94 
ll 79.00 42.32 120.81 2.28 60.40 
12 86.42 46.06 131.70 2.91 65.86 
13 93. 87 49.83 142.56 3.63 71.29 
14 101.36 53.65 153 .37 4.46 76.71 
15 108.90 57.50 164.12 5.41 82.09 
16 116.51 61.42 174.79 6.49 87.45 
17 124.19 65.41 185.38 7.69 92.77 
18 131.97 69. 48 195.85 9.03 98.05 
19 139.86 73.65 206.20 10.51 103.27 
20 147.88 77.95 216.40 12.14 108. 43 
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CHORD, 12 FEET 
EE ec A eS eee ee ee ee ee ee ee 












































Tangent Tangent L. Chord Offset Dist. 

n SE. LE. SL. Dp. q. 
3 22.00 14.00 36.00 18.00 
4 30.00 18.00 48.00 ae 24.00 
5 38.00 22.00 60.00 31 30.00 
6 46.01 26.01 71.99 49 35.99 
7 54.02 30.02 83.98 73 41.99 
8 62.04 34.04 95.95 1.05 47.98 
9 70.07 38.06 107.92 1.44 53.96 
10 78.11 42.10 119.87 1.92 59.93 
ll 86.18 46.16 131.79 2.49 65.90 
12 94.27 50.25 143.68 3.17 71.84 
13 102.40 54.36 155.52 3.96 vanee 
14 110.57 58.52 167.31 4.87 83.68 
15 118.80 62.73 179.04 5.90 89.56 
16 127.10 67.00 190.68 7.08 95.40 
17 135.48 71.35 202.23 8.39 101.21 
18 143.97 75.79 213.66 9.85 106.96 
19 152.57 80.35 224.95 11.47 112.66 
20 161.33 85.04 236.08 13.24 118.29 

CHORD, 18 FEET 

Tangent Tangent L. Chord Offset Dist. 

n SE. LE. SL. D. q: 
3 23.83 15.17 39.00 09 19.50 
4 32.50 19.50 52.00 19 26.00. 
5 41.17 23.84 64.99 33 32.50 
6 49.84 28.18 77.99 53 38.99 
7 58.52 82.52 90.97 79 45.49 
8 67.21 36.87 103.95 1.13 51.97 
75.91 41.23 116.91 1.56 58.45 
10 84.62 45.61 129.86 2.08 64.93 
11 93.36 50.01 142.77 2.70 71.39 
12 102.18 54.43 155.65 3.43 77.83 
13 110.93 58.89 168.48 4.29 84.25 
14 119.79 63.40 181.26 5.27 90.65 
15 128.70 67.96 193.96 6.40 97.02 
16 137.69 72.59 206.57 7.67 103.35 
17 146.77 77.30 219.08 9.09 109.64 
18 155.96 82.11 231.46 10.67 115.87 
19 165.29 87.04 243.69 12.42 122.05 
20 174.77 92.12 255.75 14.35 128.15 
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CHORD, 14 FEET 
ae ENOL CAUREGEAT FORGET E A E SUT a aE 





Tangent Tangent L. Chord Offset Dist. 
n SE. LE. SL. Dp. Ge 
3 25.67 16.33 42.00 .10 21.00 
4 35.00 21.00 56.00 .20 28.00 
5 44.34 25.67 69.99 36 35.00 
6 53, 67 30.34 83.99 57 41.99 
7 63. 02 35.02 97.97 86 48.98 
8 72.38 39.71 111.95 1.22 55.97 
9 81.75 44.41 125.91 1.68 62.95 
10 91.18 49.12 139.84 2.24 69.92 
ll 100.54 53.86 153.75 2.91 76.88 
12 109,98 58.62 167.62 3.70 83.82 
13 119.47 63.43 181.44 4.62 90.74 
14 129.00 68.28 195.20 5.68 97.63 
15: 138.60 73.19 208.88 6.89 104.48 
16 148.28 78.17 222.46 8.26 111.30 
17 158.06 83.24 235.93 9.79 118.07 
18 167.96 88.43 249.27 11.49 124.79 
19 178.00 93.74 262.44 13.38 131.44 
20 188.21 99.21 275.42 15.45 138.01 





CHORD, 15 FEET 

















tay Tangent L. Chord Offset Dist. 
% SE. LE. SL. Dp. qQ. 
3 27.50 17.50 45.00 ait 22.50 
4 37.50 22.50 60.00 22 30.00 
5 47,51 27.51 74.99 38 37.50 
6 57.51 32.51 89.99 61 44.99 
7 67.53 37.52 104.97 92 52.48 
8 77.55 42.54 119.94 1.31 59.97 
87.59 47.58 134.90 1.80 67.45 
I0 97.64 52.63 149.83 2.40 74.91 
ll 107.72 57.70 164.74 3.11 82.37 
12 117.84 62.81 179.60 3.96 89.80 
13 128.00 67.96 194.40 4.95 97.22 
14 138.22 73.15 209.14 6.09 104.60 
15 148.50 78.41 223.80 7.88 111.95 
16 158.87 83.75 238.35 8.85 119.25 
17 169.35 89.19 252.79 10.49 126.51 
18 179.96 94.74 267.07 12.31 133.70 
19 190.72 100.43 281.19 14.33 140.82 
20 201.66 106.29 295.10 16.55 147.86 








LONG CHORD AND COORDINATES, p AND g 319 


CHORD, 16 FEET 














Tebpend Tangent L. Chord Offset Dist. 
n SE. LE. SL. p. q- 
a ae ee | SL ymca BAPE 
3 29.33 18.67 48.00 12 24.00 
4 40.00 24.00 64. 23 32.00 
5 50.67 29.34 79.99 41 40.00 
6 61.34 34. 68 95.98 65 47.99 
v4 72.03 40.03 111.97 98 55.98 
8 82.72 45.38 127.94 1.40 63.97 
9 93. 42 50.75 143.89 1.92 71.94 
10 104. 15 56.14 159. 82 2.56 79.91 
Il 114.90 61.55 175.72 3.32 87.86 
12 125.70 67.00 191.57 4.23 95.79 
13 136.53 72.49 207.36 5.28 103.70 
14 147.43 78.03 223.09 6.49 111.57 
15 158.40 83.64 238.72 7.87 119.41 
16 169.47 89.34 254.24 9.43 127.20 
17 180. 64 95.14 269.64 11.19 134.94 
18 191.96 101.06 284.88 13.13 142.61 
19 203. 43 107.13 299.93 15.29 149.21 
20 215.10 113.38 314.77 17.65 157.72 
CHORD, 17 FEET 
| Tangent Tangent L. Chord Offset Dist. 
SE. LE. SL. p. q. 
3 31.17 19.83 51.00 12 25.50 
4 42.50 25.50 68.00 25 34.00 
5 53.84 31.17 84.99 43 42.50 
6 65.18 36.85 101.98 .69 50.99 
7 76.53 42.53 118.97 1.04 59.48 
8 87.89 48.22 135.94 1.48 67.96 
9 99.26 53.92 152.89 2.04 76.44 
10 110.66 59.65 169.81 2.72 84.90 
ll 122.09 65.40 186.70 3.53 93.35 
12 133.55 71.18 203.54 4.49 101.78 
13 145.07 77.02 220.32 5.61 110.18 
14 156. 64 82.91 237.03 6.90 118.55 
15 168.30 88.87 253.64 8.37 126.87 
16 180 94.92 270.13 0.02 135.15 
17 191.93 101.08 286. 49 11.88 143.37 
18 203.95 107.37 302.68 13.96 151.53 
19 216.15 113.83 318.68 16.24 158. 60 
20 228.55 120.47 334.44 18.76 167.58 
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Tangent Tangent’ L. Chord Offset Dist 

n SE. LE. SL. Pp. q. 
33.00 21.00 54.00 13 27.00 
: 45.00 27.00 72.00 -26 36.00 
5 57.01 33.01 89.99 46 45.00 
6 69.01 39.01 107.98 13 53.99 
7 81.03 45.03 125.96 1.10 62.98 
8 93.06 51.05 143.93 157 71.96 
9 105.10 57.09 161.88 2.16 80.94 
10 117.17 63.16 179.80 2.88 89.90 
ll 129.27 60.24 197.68 3.74 98.84 
12 141.41 75.37 215.51 4.15 107.76 
13 153.60 81.55 233.28 5.94 116.66 
14 165.86 87.78 250.97 7.30 125.52 
15 178.20 94.10 268.56 8.86 134.34 
16 190.65 100.50 286.03 10.61 143.10 
17 203.22 107.03 303.34 12.58 151.81 
18 215.95 113.69 320.49 14.78 160.44 
19 228.86 120.52 337.42 17.20 167.99 
20 241.99 127.55 354.12 19.86 177.44 

CHORD, 19 FEET 
Tangent Tangent L. Chord Offset Dist 

uw SE. LE. SL. p. @ 
3 34.83 22.17 57.00 14 28.50 
4 47.50 28.50 76.00 28 33.00 
5 60.17 34.84 94.99 48 47.49 
6 72.84 41.18 113.98 “1K 56.99 
7 85.53 47.53 132.96 1.16 66.48 
8 98.23 53.89 151.93 1.66 75.96 
9 110.94 60.27 170.87 2.28 85.43 
10 123.68 66.66 189.79 3.04 94.89 

ll 136.45 73.09 208.66 3.95 104. 
12 149.26 79.56 227.49 5.02 113.75 
13 162.13 86.08 246.24 6.27 123.14 
14 178.07 92.66 264.91 gare 132.49 
15 188.10 99.32 283. 48 9.35 141.80 
16 201.24 106.09 301.92 11.20 151.05 
17 214.51 112.97 320.20 13.28 160.24 
18 227.95 120.01 338.29 15.60 169.35 
19 241.57 127.22 356.17 18.16 177.38 
20 255.43 134.64 373.79 20.97 187.20 





CHORD 18 FEET 


“TABLE XXXVIII.—SPIRAL TANGENTS, 
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CHORD, 20 FEET 
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Tangent Tangent L. Chord Offset Dist. 
n SE. LE. SL. Dp. Q. 
3 36.67 23. 60.00 15 30.00 
4 50.00 30,00 80.00 29 40.00 
5 63.34 36.67 99.99 51 49.99 
6 76.68 43.35 119.98 81 59.99 
7 90.04 50.03 139.96 1.22 69.98 
8 103.40 56.73 159.92 1.74 79.96 
9 116.78 63.44 179.87 2.40 89.93 
16 130.19 70.17 199.78 3.20 99.89 
ll 143.63 76.94 219.65 4.15 109.83 
12 157.12 83.75 239.46 5.28 119.74 
13 170.67 90.61 259.20 6.60 129.62 
14 184.29 97.54 278.86 8.11 139.47 
15 198.00 104.55 298.40 9.84 149.26 
16 211.83 111.67 317.81 11.79 159.00 
17 225.80 118.92 337.04 13.98 168.68 
18 239.94 126.32 356.10 16.42 178.27 
19 254.29 133.91 374.91 19.11 186.76 
20 268.88 141.73 393. 46 22.07 197.15 

CHORD, 21 FEET 

Tangent Tangent L. Chord Offset Dist. 
" SE. LE. SL. D. q. 
3 38.50 24.50 63.00 15 31.50 
4 52.50 31.50 84.00 31 42.00 
5 66.51 38.51 104.99 53 52.49 
6 80.51 45.52 125.98 86 62.99 
te 94.54 52.53 146.96 1.28 73.48 
8 108.57 59.56 167.92 1.83 83.96 
9 122.62 66.61 188.86 2.52 94.43 
10 136.70 73.68 209.77 3.36 104.88 
lI 150.81 80.79 230.63 4.36 115.32 
12 164.98 87.93 251.43 §.55 125.73 
13 179.20 95.14 272.16 6.93 136.10 
14 193.50 102.41 292.80 8.52 146.44 
15 207.90 109.78 313.32 10.33 156.73 
16 222.42 117.25 333.70 12.38 166.95 
17 237.09 124.86 353.90 14.68 177.11 
18 251.94 132.64 373.90 17.24 187.18 
19 267.00 140.61 393.66 20.07 196.15 
20 282.32 148.81 413.18 23.18 207.01 

et he ee ee ee Eee eee 
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CHORD, 22 FEET 
Tangent Tangent, L. Chord Offset Dist 
SE. LE. SL D. q. 
40.33 25.67 66.00 16 33.00 
55.00 33.00 88.00 .B2 44.00 
69.67 40.34 109.99 .56 54.99 
84.35 47.68 131.98 .90 65. 
99.04 55.04 153.96 1.34 76.97 
113.74 62.40 175.92 1.92 87.95 
128.46 69.78 197.85 2.64 98.92 
143.21 77.19 219.76 3.52 109.88 
157.99 84.63 241.61 4.57 120.81 
172.83 92.12 263.41 5.81 131.71 
187.73 99.67 285.12 7.26 142.58 
202.72 107.29 306.74 8.93 153.41 
217.80 115.01 328.24 10.83 164.19 
233.02 122.84 349.59 12.97 174.90 
248. 38 130.81 370.75 15.38 185.54 
263.94 138.95 391.71 18.06 196.08 
279.72 147.30 402.40 21.02 205.54 
CHORD, 23 FEET 
42.17 26.83 69.00 AY 34.50 
57.50 34.50 92.00 83 46:00 
72.84 42.17 114.99 .59 57.49 
88.18 49.85 137.98 94 68.99 
103.54 57.54 160.95 1.40 80.47 
118.91 65.24 183.91 2.01 91.95 
134.30 12.95 206.85 2.76 103.42 
149.72 80.70 229.74 3.68 114.87 
165.18 88.48 252.59 4.78 126.30 
180.69 96.31 275.38 6.08 137.70 
196.27 104.20 298.08 7.59 149.06 
211.93 112.17 320.69 9.33 160.39 
227.70 120.23 343.16 11.32 171.65 
243.61 128.42 365.48 13.56 182.85 
259.67 136.76 387.61 16.08 193.98 
275.94 145.27 409.50 18.88 205. 01 
CHORD, 24 FEET 
44.00 28.00 * 72.00 au 36.00 
60.00 36.00 96.00 £35 48.00 
76.01 44.01 119.99 .61 59.99. 
92.01 52.02 143,98 .98 71.99 
108.04 60.04 167.95 1.47 83.97 
124.08 68.07 191.91 2.09 95.95 
140.14 76,13 215.84 2.88 107.92 
156.23 84.21 239,73 3.84 119.86 
172.36 92.33 263.58 4.98 131.79 
188.54 100.50 287.35 6.34 143.69 
204.80 108.73 311.04 7.92 155.55 
221.15 117.04 334.63 9.74 167.36 
237.60 125,46 358.08 11.81 179.12 
254.20 134,01 381.37 14.15 190.80 
270.96 142.70 404, 46 16.78 202.41 
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CHORD, 25 FEET 





























Tangent Tangent L. Chord Offset Dist. 

n SE. LE. SL. Dp. @. 
3 45.83 29.17 75.00 18 37.50 
4 62.50 37.50 100.00 86 50.00 
5 79.18 45.84 124.99 -64 62.49 
6 95.85 54.19 149.98 1.02 74.99 
q 112.54 62.54 174.95 1.53 87.47 
8 129.25 70.91 199.91 2.18 99.95 
145.98 79.30 224.83 3.00 112.41 
10 162.74 87.72 249.72 4.00 124.86 
ll 179.54 96.17 274.56 5.19 137.28 
12 196.40 104.68 299.33 6.60 149.67 
13 213.33 113.26 324.00 8.25 162.08 
14 230.36 121.92 348.57 10.14 174.33 
15 247.50 130.69 373.00 12.30 186.58 
16 264.79 189.59 397.26 14.74 198.75 
17 282.25 148.65 421.31 17.48 210.85 

CHORD, 26 FEET 

3~ 47.67 30.33 78.00 -19 39.00 
4 65.00 39.00 104.00 .38 52.00 
5 82.34 47.68 129.99 -66 64.99 
6 99.68 56.35 155.98 1.06 77.98 
7 117.05 65.04 181.95 1.59 90.97 
8 134. 42 73.74 207.90 2.27 103.95 
9 151.82 82.47 233.83 3.12 116.91 

10 169.25 91.22 259.71 4.16 129. 
ll 186.72 100.02 285.54 5.40 142.77 
12 204.25 108.87 311.30 6.87 155.66 
13 221.87 117.79 336.97 8.58 168.51 
14 239.57 126.80 362.51 10.55 181.31 
15 257.40 135.92 387.92 12.79 194.04 
16 275.38 145.17 413.15 15.33 206.70 

CHORD, 27 FEET 

3 49.50 31.50 81.00 .20 - 40.50 
4 67.50 40.50 108.00 .39 54.00 
5 85.51 49.51 134.99 -69 67.49 
6 103.52 58.52 161.97 1.10 80.98 
7 121.55 67.54 188.95 1.65 94.47 
8 139.59 76.58 215.90 2.36 107.94 
157.65 85.64 242.82 3. 24 121.40 
10 175.75 94.73 269.70 4.31 134.85 
ll 193.90 103.87 296.52 5.61 148.26 
12 212.11 113.06 323.27 7.18 161.65 
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TABLE XXXVIII.—SPIRAL TANGENTS, 





CHORD, 28 FEET 








Tangent Tangen® L. Chord Offset Dist. 
n . LE. SL. D. q- 
3 51.33 32.67 84.00 -20 42.00 
4 70.00 42.00 112.00 -41 56.00 
5 88.68 51.34 189.99 mith 69.99 
6 107.35 60.69 167.97 1.14 83.98 
% 126.05 70.04 195.94 1.71 97.97 
8 144.76 79.42 223. 89 2.44 111.94 
9 163.49 88.81 251.81 3.36 125.90 
10 182.26 98.24 279.69 4.47 139.84 
ll 201.08 107.71 307.51 5.81 153.76 
12 219.97 117.24 335.25 7.40 167.63. 
13 238.93 126.85 362.89 9.24 181.47 
14 258.00 136.55 390.40 11.36 195.25 
15 277.20 146.37 417.76 13.78 208.97 

CHORD, 29 FEET 
3 53.17- 33.83 87.00 -21 43.50 
4 72.50 43.50 116.00 -42 58.00 
5 91.84 63.18 144.99 «74 72.49 
6 111.18 62.86 173.97 1.18 86.98 
7 130.55 72.55 202.94 Vr eg 101.47 
8 149.93 82.25 231.89 2.53 115.94 
9 169.33 91.98 260.81 3.48 130.40 
10 188.77 101.75 289.68 4.63 144.84 
ll 208.26 111.56 318.49 6.02 159.25 
12 227. 82 121.43 347.22 7.66 173.62 
13 247.47 131.38 375.85 9.57 187.95 
14 267.22 141.43 404.34 11.77 202.23 
CHORD, 80 FEET 

3 55.00 35.00 90.00 22 45.00 
4 75.00 45.00 120.00 44 60.00 
5 95.01 55.01 149.99 -76 74.99 
6 115.02 65.02 179.97 1.22 89.98 
7 135.05 75.05 209.94 1.83 104.97 
8 155.10 85.09 239.89 2.62 119.94 
9 175.17 95.16 269.80 3.60 134.89 
10 195.28 105.26 299.67 4.79 149.83 
ll 215.45 115.41 329.47 6.23 164.74 
12 235.68 125.62 359.19 7.92 179.61 
13 256.00 135.91 388.81 9.90 194.43 
14 276.43 146.31 418.29 12.17 209.20 








LONG CHORD AND COORDINATES, p AND gq 325 


CHORD, 31 FEET 


———— 








Tangent Tangent L. Chord Offset Dist. 

" SE. TE: SL. p. q. 
a 56.83 36.17 93.00 .23 46.50 
4 77.50 46.50 124.06 45 62.00 
5 98.18 56.84 154.99 ! -79 77.49 
6 118.85 67.19 185.97 1.26 92.98 
7 139.55 Winoo 216.94 1.89 108.46 
8 160.27 87.93 247.88 2.70 123.94 
9 181.01 98.33 278.79 3.72 139.39 
10 201.79 108.77 309.66 4.95 154.82 
ll 222.63 119.25 340.45 6.44 170.23 
12 243.53 129.81 371.16 8.19 185.60 
13 264.53 140.44 401.77 10.23 200.91 


CHORD, 32 FEET 





3 58.67 37.33 96.00 -23 48.00 
4 80.00 48.00 128.00 AT 64.00 
5 101.35 58.68 159.99 81 79.99 
6 122.69 69.36 191.97 1.30 95.98 
7 144.06 80.05 223.94 1.95 111.96 
8 165.44 90.76 255. 88 2.79 127.93 
9 186.85 101.50 287.79 3.84 143.89 
10 208. 30 112.28 319. 64 §.11 159.82 
11 229.81 123.10 351.44 6.65 175.72 
12 251.39 133.99 383.14 8.45 191.58 
18 273.07 144.97 414.73 10.56 207.39 


CHORD, 33 FEET 





3 60.50 38.50 99.00 -24 49.50 
4 82.50 49.50 132.00 -48 66. 00 
5 104.51 60.51 164.99 .84 82.49 
6 126.52 71.53 197.97 1.34 98.98 
q 148.56 82.55. 230.93 2.02 115.46 
8 170.61 93.60 263.88 2.88 131.93 
9 192.69 104.67 296.78 3.96 148.38 
10 214.81 115.78 329.63 5.27 164.81 
1 236.99 126.95 362.42 6.85 181.21 
12 259.25 138.18 395.11 8.72 197.57 
13 281.58 149.50 427.69 10.89 213.87 








326 TABLE XXXVIII.—SPIRAL TANGENTS, 
CHORD, 34 FEET 














Tangent Tangen¥ L. Chord Offset - Dist. 
n SE. LE. SL. Dp. q. 
3 62.33 39.67 102.00 «25 51.00 
4 85.00 51.00 136.00 49 68.00 
5 107.68 62.34 169.99 .87 84.99 
6 180.35 73.69 203.97 1.38 101.98 
7 153.06 85.05 237.93 2.08 118.96 
8 175.78 96.44 271.87 2.97 135.93 
9 198.53 107.84 305.77 4.08 152.88 
10 221.32 119.29 339.62 5.43 169.81 
ll 244.17 130.80 373.40 7.06 186.70 
12 267.10 142.37 407.08 8.98 203.56 

CHORD, $5 FEET 
a ae ae ee 

3 64.17 40.83 105.00 25 52.50 
4 87.50 52.50 140.00 51 70.00 
5 110.85 64.18 174.99 89 87.49 
6 134.19 75.86 209.97 1.43 104.98 
7 157.56 87.56 . 244.93 2.14 122. 46 
8 180.95 99.27 279.87 3.05 139.93 
9 204.37 111.02 314.77 4.20 157.38 
10 227.83 122.80 349.61 5.59 174. 80 
ll 251.35 134.64 384.38 7.27 192.19 
12 274.96 146.56 419.06 9.24 209.54 


CHORD, 386 FEET 


3 : 42.00 108.00 26 54.00 
4 90.01 54.00 144.00 52 72.00 
5 114.01 66.01 179.99 92 89.99 
6 138.02 78.03 215.96 1.47 107.98 
7 162.06 90.06 251.93 2.20 125.96 
8 186.12 102.11 287.86 3.14 143. 93 
9 210.21 114.19 323.76 4.32 161.87 
10 234.34 126.31 359. 60 5.75 179.80 
ll 258.54 188.49 395.36 7.48 197.69 
12 282.81 150.74 -03 9.51 215.53 
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LONG CHORD AND COORDINATES, p AND gq 327 
CHORD, 87 FEET 














. Tangent Tangent L. Chord Offset Dist. 
SE. LE. SL. D. q. 
67.83 43.17 111.00 tall 55.50 
92.51 55.50 148.00 54 74.00 

117.18 67.85 184.99 -94 92.49 
141.86 80.20 221.97 Vol 110.98 
166,56 92.56 258.93 2.26 129.46 
191.29 104.94 295. 86 3.23 147.92 
216.04 117.36 332.75 4.44 166.37 
240.85 129.82 369.59 5.91 184.79 
265.72 142.34 406.35 7.68 203.18 





CHORD, 38 FEET 








69.67 44.33 114.00 -28 57.00 

95.01 57.00 151.99 -55 76.00 
120.35 69.68 189.98 97 94.99 
145.69 82.36 227.96 1.55 113.98 
171.07 95.06 265.92 2.32 132.96 
196. 46 107.78 303.86 3.31 151.92 
221.88 120.53 341.75 4.56 170.87 
247.36 133.33 379.58 6.07 189.78 
272.90 146.18 417.33 7.89 208.67 


CHORD, 39 FEET 





71.50 45.50 117.00 -28 58.50 
97.51 58.50 155.99 yA 78.00 
123.51 71.51 194.98 99 97.49 
149 52 84.53 233.96 1.59 116.98 
175.57 97.56 272.92 2.38 136.46 
201 .63 110.62 311.85 3.40 155.92 | 
227.72 123.70 350.74 4.68 175.36 
253 .87 136.84 389.57 6.23 194.78 
280.08 150.03 428.31 8.09 214.16 


328 TABLE XXXVIII.—SPIRAL TANGENTS, 
CHORD, 40 FEET 














Tangent Tangen® L. Chord Offset Dist. 
n SE. LE. SL. Dp. q- 
3 73.33 46.67 120.00 -29 60.00 
4 100.01 60.01 159.99 .58 80.00 
5 126.68 73.35 199.98 1.02 99.99 
6 153.36 86.70 239.96 1.63 119.98 
7 180.07 100.06 279.92 2.44 139.95 
8 206.80 113.45 319.85 3.49 159.92 
9 233.56 126.88 359.73 4.80 179.86 
10 260.38 140.34 399.56 6.39 ot pi 


eee 


CHORD, 41 FEET 











3 75.17 47.83 123.00 .30 61.50 
4 102.51 61.51 163.99 .60 82.00 
5 120.85 75.18 204.98 1.04 102.49 
6 157.19 88.87 245.96 1.67 122.98 
M 184.57 102.57 286 . 92 2.50 143.45 
8 211.97 116.29 327.85 3.58 163.91 
9 239.40 130.05 368.73 4.92 184.36 
10 266.89 143.85 409.54 6.55 204.77 
| 
e 
CHORD, 42 FEET 
3 77.00 49.00 126.00 -31 63.00 
4 105.02 63.01 167.99 -61 84.00 
5 £33.02 77.01 209.98 1.07 104.99 
6 161.02 91.03 251.96 1m 125.98 
7 189.07 105.07 293.92 2.56 146.95 
8 217.14 119.13 335. 84 3.66 167.91 
9 245.24 183.27, 377.72 5.04 188.85 
10 273.40 147.36 419.53 6.71 209.76 


LONG CHORD AND COORDINATES, p AND gq 329 


CHORD, 43 FEET 














Tangent Tangent L. Chord Offset Dist. 
n SE. LB. SL. Dp. q. 
3 78.83 50.17 129.00 31 64.50 
4 107.51 64.51 171.99 63 86.00 
5 136.18 78.85 214.98 1.09 107.49 
6 164.86 93.20 257.96 1.75 128.97 
vi 193.58 107.57 300.91 2.63 150.45 
8 222.31 121.96 843.84 3.75 171.91 
9 251.08 136.39 386.71 5.16 193.35 
10 279.91 150.87 429.52 6.87 214.76 

CHORD, 44 FEET 
3 80.67 51.33 132.00 32 66.00 
4 110.01 66.01 175.99 64 88.00 
5 139.35 80.68 219.98 1.12 109.99 
6 168.69 95.37 263.96 1.79 131.97 
7 198. 08 110.07 307.91 2.69 153.95 
8 227.48 124.80 251.83 3.84 175.91 
9 256.92 139.56 395.71 5.28 197.84 
10 286. 42 154.38 439.51 7.03 219.75 
\ 








| 


CHORD, 45 FEET 


3 82.50 52.50 135.00 33 67.50 
4 112.51 67.51 179.99 -65 90.00 
5 142.52 82.52 224.98 1.15 112.49 
6 172.53 97.54 269.96 1.83 134.97 
7 202.58 112.57 314.91 2.75 157.45 
8 232.65 127.63 359. 83 3.93 179.91 
9 262.76 142.73 404.70 5.40 202.34 
10 292.92 157.89 449.50 7.19 224.74 





CHORD, 46 FEET 


a” 


3 84.33 53. 67 138.00 -33 69.00 
4 115.01 69.01 183.99 67 91.99 
5 145.68 84.35 229.98 1.17 114.99 
6 176.36 99.70 275.96 1.87 137.97 
Hf 207.08 115.07 821.91 2.81 160.95 ° 
8 237 . 82 130.47 367.83 4.01 183.90 
9 268.60 145.91 413.69 5.52 206. 84 
10 299.43 161.40 459.49 7.35 229.74 


330 TABLE XXXVIII._SPIRAL TANGENTS, LONG 
CHORD AND COORDINATES, p AND q 


CHORD, 47 FEET 
a et a i Ln 








Tangent Tangent L. Chord Offset Dist 

n SE. LE. SL. Dp. q- 

3 86.17 54.84 141.00 .34 70.50 
4 117.51 70.51 187.99 .68 93.99 
5 148.85 86.18 234.98 1.20 117.49 
6 180.19 101.87 281.96 1.91 140.97 
7 211.58 117.58 328.91 2.87 164.45 
8 242.99 133.31 375.82 4.10 187.90 
9 274.43 149.08 422.69 5.64 211.33 
10 305.93 164.90 469.48 x fers 233.78 











3 88.00 56.00 144.00 -35 72.00 
4 120.01 72.01 191.99 -70 95.99 
5 152.02 88.02 239.98 1.22 119.99 
6 184.03 104.04 287.95 1.95 143.97 
7 216.08 120.08 335.90 2.93 167.94 
8 248.16 136.14 383. 82 4.19 191.90 
9 280.27 152.25 431.68 5.76 215.83 





CHORD, 49 FEET 





3 89.83 57.17 147.00 -36 73. 5( 
4 122.51 73.51 195.99 -71 97. 

5 155.18 89.85 244.98 1.25 122.49 
6 187.86 106.20 293.95 2.00 146.9% 
7 220.58 122.58 342.90 2.99 171.44 
8 253.33 138.98 391.82 4.27 195.90 
9 286.11 155.42 440.68 5.88 220.33 

CHORD, 50 FEET 

3 91.67 58.34 150.00 -36 75.00 
4] 125.01 75.01 199.99 73 99.99 
5 158.35 91.68 249.98 1.27 124.99 
6 191.70 108.37 299.95 2.04 149.97 
7 225.09 125.08 349.90 3.05 174.94 
8 258.50 141.82 399.81 4.36 199.90 
9 291.95 158.59 449.67 6.00 224. 82 
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PROPER SPIRALS 


OADPWODWH ADPWDWHH DPW WhO Wrr Ears 


OAD PwWde 


ro 


i 
PWM HORNMLWDH POND w 


40 








R’ vers 


0.524 
1.454 


8. Risin s 


59.999 
99.989 


50.000 
83.326 
124.967 


40.001 
66. 663 
99.976 
189.924 


33.335 


155.401 
199.658 


30.008 
50.000 
74.987 
104.950 
139. 865 
179.697 
224.390 


41.669 


219-111 
50.000 











qg 


nl 


59.987 
99.992 


124.981 


40.996 
65.325 
99.983 
141.963 


32.663 
56.436 


152.381 
199.878 


29.995 
49.991 
74.982 
104.966 
139.937 


219.711 


49.979 
67.966 


219.592 


48.103 
66.339 
87.441 
111.405 
138.223 
167.886 
200.378 


42.120 
59.964 
80.940 
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i io 
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R’ vers s 


5. 383 
\ 8.407 
12.549 
18.054 











R’ sin s 


102.714 
128.260 
156.541 
187.496 


41.673 


187.529 


55.988 
71.932 
89.822 
109. 628 








179.314 


55.460 
69.939 
93.901 


| 112.3538 


142.260 
164.653 
200.446 


824 
196. 603 





PROPER SPIRALS 





SSS8S8SSS8S SSSSSSSES SSSSSSsy 


SSSSSsssss 


S8sss 


ss s88s 


30 
10 


R’ vers s 


EEE EES SSS 





R’ sin s 


50.000 
64.240 
80.217 
97.904 
117.264 


184.803 


196.212 


56.228 
70.218 
85.695 
102.639 
121.007 
140.736 
161.757 
183.981 


52.931 








162.272 
193.517 
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334 TABLE XXXIX.—SELECTED CURVES WITH 
CSE nena nbn SE Sam US Se ee ee ee ee 
D’ noc 8 R’ verss | R’ sins q D 


13° 20 | 12 16 13° 00 11.039 96.884 94.091 4.032 
13 20 13°17 15 10 15.001 112.680 106.720 5.149 
13 20 14 18 17 30 19.934 129.511 120.068 6.463 
13 20 15 20 20 00 25.974 146.968 149.281 9.785 
13 20 16 21 22 40 33.266 165.974 164.649 11.920 
13 20 17 28 25 30 41.955 185.416 197.692 16.920 


14 10 8 11 6 00 2.221 42.384 45.514 1.040 
14 10 9 12 7 30 3.469 52.925 54.881 1.499 
14° 10 10 13 9 10 5.178 64.595 65.057 2.088 
14 10 ll 14 11 00 7.467 77.368 76.041 2.809 














14 10 15 19 20 00 24.453 138.680 142.757 9.518 
14 10 16 20 22 40 31.318 156.257 158. 622 11.717 
14 10 17 21 25 30 39.499 174.561 175.284 14.257 
14 10 18 22 28 30 49.136 193.475 192.579 17.167 
15 8. 10 6 00 2.098 40.041 39. 866 0.867 
15 9:11 7 30 3.277 50.000 48 . 822 1.277 
15 10-12 9 10 4.892 61.025 58.654 1.815 
15 ll 13 11 00 7.038 73.092 69.359 2.504 
15 2 14 13 00 9.818 86.171 80.932 3.369 
16 13° 15 15 10 13.343 100.220 93.368 4.436 
15 14.17 17 30 17.729 115.190 120.524 7.201 
15 15 18 20 00 23.102 131.016 135. 608 9.081 
15 16. 19 22, 40 29.587 147.621 151.514 11.296 
15 17 20 25 30 37.316 164.913 168.225 13.880 
15 18 21 28 30 46.421 182.783 185.723 16.868 
16 40 9 10 7 30 2.951 45.030 44.808 1.189 
16 40 10 11 10 4.406 54.960 54.746 1.742 
16 40 ll 12 ll 6.338 65.827 65. 666 2.470 
16 40 12. 13 13 00 8.842 77.606 77.561 3.403 
16 40 13 14 15 10 12.016 90. 259 90.423 4.578 
16 40 1415 17 30 15.967 103.740 104. 243 6.030 





16 40 19 20 31 40 51.362 181.112 187.152 18.939 





18 20 10 10 9 10 4.008 50.000 49.732 1.581 
18 20 WES 6 11 00 y 767 59. 887 60.649 2.307 
18 20 12 12 13 00 70. 603 72.628 3.259 
18 20 13 13 15 10 10: 932 82.115 85.661 4.477 
18 20 14°14 17 30 14.526 94.380 99.737 005 
18 20 15 15 20 00 18.928 107.347 114.840 7.891 
18 20 17 16 25 30 30.575 135.120 131.390 10.382 
18 20 18 17 28 30 38.034 149.760 148.554 13.200 
18 20 19 18 31 40 46.729 164.769 166. 668 16.542 
18 20 20 19 35 00 56.761 180.023 185.702 20.465 
20 11 10 11 00 5.290 54.941 54.637 2.050 
20 12 11 13° 00 7.380 64.772 66. 523 2.981 
20 13 12 15 10 10.029 75.333 79.538 4.194 
20 15 13 20 00 17.365 98. 481 94.081 5.878 
20 16 14 22 40 22.240 110.962 109. 453 7.884 
20 17 15 25 30 28.049 223.961 125. 892 10.348 
20 18 16 28 30 34.893 137.392 143.374 13.328 
20 19 17 31 40 42.869 151.161 || 161.863 16.887 
20 20 18 35 00 52.078 165.154 || 181.322 | 21.088 
ee 


PROPER SPIRALS 





D’ ne s R’ vers s 


22° 37 | 12 10 13° 0” 6.569 
22 30 144 11 17 30 11.862 
22 30 15 12 20 00 15.456 
22 30 16 13 22 40 19.795 
30 18 14 28 30 31.058 
30 19 15 31 40 38.158 
30 20 16 35 00 46.350 


22 

22 

22 

25 14 10 17 30 10.692 
25 15 11 20 00 13.932 
25 17 12 25 30 22.504 
25 18 13 28 30 27.995 
25 20 14 35 00 41.778 
27 

eT 

27 

27 


30 15 10 20 00 12.628 
30 sae bt 25 30 20.492 
30 19 12 31 40 31.319 
30 20 18 35 00 38.044 


30 17 10 25 30 18.819 
30 19 ll 31 40 28.762 
30 20 12 35 00 34.937 


32 20 18 10 28 30 21.762 
32 20 20 11 35 00 82.476 


35 20 10 35 00 30.071 





R’ sin s 


83.168 
101.418 
110.806 


85.687 
103.001 


95.372 








83.401 
101.127 
120.178 


89.792 
108.734 


97.115 





336 TABLE XL.—EQUAL LENGTHS 


SELECTED SPIRALS FOR A 2° CURVE 
——8F—F——w eo SS 








A 8 nXe Ds(n+1) D’ a z h 
t 

10° 1° 0” 3 X 32 2% 05" 00” 2° 03’ 41.12 -6516} .040 
10 1 40 4X dv 2 08 13 2 09 61.04 | 1.702 | .187 
10 2 30 5X 43 2 19 33 2 18 73.69 | 3.439 

10 3 30 6 X 45 2 35 34 2 33 78.81 | 5.954 §90 
10 4 40 7X 44 3 01 50 2 40 70.47 | 8.955 897 
20° 1 00 3 X 33 2 01 13 2 Ol 45.28 -6719} .122 
20 1 40 4X 41 2 O01 57 2 02 73.85 | 1.789 118 
20 2 30 5 X 48 2 05 00 2 05 99.99 | 3.839 627 
20 3 30 6 X 50 2 20 00 2 06 | 109.52 | 6.616 554 
30° 1 00 3X 34 1 57 39 2 01 46.14 -6923| .566 
30 1 40 4X 4l 2 O01 57 2 Ol 75.16 | 1.789 227 
30 2 30 5X 49 2 02 27 2 02 | 109.78 | 3.919 377 
30 3 30 6 X 50 2 20 00 2 115.63 | 6.616 249 
30 3 30 6 X 50 2 20 00 2 03 | 110.90 | 6.616 | 1.013 
40° 1 00 3X 35 1 54 17 2 Ol 46.90 hear 

40 1 40 4X 42 1 59 02 2 Ol 76.96 | 1.832 | .848 
40 2 30 5 X 50 2 00 00 2 01 | 117.87 | 3.999 | .141 


a 


SELECTED SPIRALS FOR A 4° CURVE 
a ee ee ee ee 








10° 1°00 | 3X16 4° 10" 03” 4° 07 | 20.22 38258] .045 
10 1 40 4X 19 4 23 18 4 16 29.12 -8290| .080 
10 2 30 5 X 22 4 32 48 4 39 38.75 | 1.760 177 
10 3 30 6 X 23 5 04 26 5 17 41.37 | 3.043 305 
20° 1 40 4X 20 4 10 03 4 04 34.92 -8726/ .081 
20 2 30 5 X 24 4 10 03 4 50.72 | 1.920 184 
20 3 30 6 X 27 4 19 19 4 17 63.69 | 3.573 375 
20 4 40 7X 30 4 26 44 4 31 78.07 | 6.106 598 
20 6 00 8X 31 4 50 24 4 46 81.88 | 9.191 910 
20 7 30 9X 32 5 12 36 5 16 85.40 | 13.248 | 1.310 
30° 1 40 4X 20 4 10 03 4 02 35.57 -8726| .137 
30 2 30 5 X 25 4 00 03 $ 04 57.39 | 2. -147 
30 3 30 6 X 28 4 10 03 4 07 72.387 | 3.705 | .284 
30 4 40 7X 32 4 10 08 4 14 93.09 | 6.513 687 
30 6 00 8 X 35 ee ie 2 4 23 | 110.31 | 10.377 | 1.091 
30 7 30 9 X 37 4 30 20 4 34 | 122.20 | 15.319 | 1.526 
30 9 10 | 10X38 4 49 33 4 47 | 126.86 | 21.240 | 2.196 
40° 2 30 5 X 25 4 00 03 4 02 58.91 | 2.000 109 
40 3 30 6 X 28 4 10 03 4 04 73.75 | 3.705 361 
40 4 40 7X 32 4 10 03 4 94.65 | 6.513 977 
40 6 00 8 X 36 4 10 08 4 12 | 121.38 | 10.673 973 
40 7 30 9X 39 4 16 28 4 17 | 142.86 | 16.147 | 1.100 
40 9 10 | 10x 41 4 28 21 4 26 | 154.34 | 22.917 | 2.186 
60° 2 30 5 X 25 4 00 03 4 0] 59.68 | 2.000 180 
60 3 30 6 X 29 4 01 26 4 02 81.04 | 3.837 461 
60 4 40 7X 32 4 10 03 4 03 99.59 | 6.513 572 
60 6 00 8 X 36 4 10 03 4 05 | 125.81 | 10.673 | 1.074 
60 7 30 9X 40 4 10 03 4 08 | 154.42 | 16.561 | 1.718 
0° 2 30 5 X 25 4 00 03 4 Ol 58.29 | 2.000 979 
80 3 30 6 X 29 4 01 26 4 Ol 82.82 | 3.837 | .295 
80 4 40 7X 33 4 02 28 4 02 | 106.99 | 6.716 | 1.000 
80 6 00 8 X 37 4 03 17 4 03 | 135.61 | 10.970 | 1.199 
80 7 30 9X 41 4 08 57 4 05 | 164.79 | 16.975 | 2.440 
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TABLE XL.—EQUAL LENGTHS 
SELECTED SPIRALS FOR AN 8° CURVE 











nXc Ds(n+1) D’ d fn h 
37 | 5X ll 9° 06’ 01” 9° 06’ | 19.95 -8798| .051 
30 5X 12 8 20 26 8 16 25.71 -9598| .051 
30 6X 14 8 20 26 8 34 34.86 | 1.852 | .117 
40 7X 15 8 53 51 8 54 39.90 | 3.053 | .185 
00 8X 16 9 23 07 9 24 45.52 | 4.744 | .221 
30 5X 12 8 20 26 8 07 26.50 .9598| .049 
30 6X 14 8 20 26 8 14 36.16 | 1.852 | .142 
40 7X 16 8 20 26 8 26 47.01 | 3.256 | .260 
00 8x 17 8 49 55 8 36 58.13 | 5.040 | .325 
30 9X 18 9 16 08 8 46 60.05 | 7.452 | .287 
10 | 10X19 9 39 36 9 14 65.70 | 10.620 | .590 
30 5X 12 8 20 26 8 04 26.98 9598} .079 
30 6x 14 8 20 26 8 08 36.85 | 1.852 | .181 
40 7X 16 8 20 26 8 14 48.25 | 3.256 | .293 
00 8X 18 8 20 26 8 22 61.35 | 5.337 | .330 
30 9x 19 8 46 49 8 30 68.07 | 7.866 | .472 
10 | 10 X 20 9 10 34 8 40 75.01 | 11.179 | .629 
00 | 11X 21 9 32 03 8 54 82.13 | 15.415 | _.840 
00 | 12 X 22 9 51 36 9 14 89.81 | 20.723 | 1.024 
30 5x 12 8 20 26 8 02 27.30 -9598} .136 
30 6x 14 8 26 8 03 38.22 | 1.852 | .083 
40 7X 16 8 20 26 8 06 49.75 | 3.256 | .317 
00 8X 18 8 20 26 8 10 62.87 | 5.337 | .539 
30 9 X 20 8 20 26 8 16 77.16 | 8.280 | .863 
10 | 10 X 22 8 20 25 8 93. 12.297 | 1.139 
00 | Il X 23 8 42 13 8 31 | 101.08 | 16.883 | 1.523 
00 | 12 X 25 8 40 28 8 48 | 118.19 -548 | 2.160 
10 | 13 X 26 8 58 59 9 02 | 127.21 | 30.817 | 2.613 
30 | 14 X 27 9 16 07 9 22 | 186.45 | 39.595 | 3.157 
40 7X17 7 50 57 8 04 57.04 | 3.460 | .366 
00 8x 19 7 54 03 8 71.78 | 5.633 | .408 
30 9X 20 8 20 26 8 08: | 79.18 | 8.280 | .860 
10 | 10 X 22 8 20 25 8 13 95.23 | 12.297 | 1.346 
0O | 1l xX 24 8 20 25 8 19 | 112.67 | 17.617 | 1.719 
00 | 12 X 26 8 20 25 8 28 | 130.86 | 24.490 | 2.738 
10 | 18 X 27 8 38 59 8 34 | 140.88 | 32.002 | 3.119 
30 | 14X 28 8 56 13 8 42 | 150.55 | 41.062 | 3.809 
SELECTED SPIRALS FOR A 16° CURVE 
40 | 7X10 13° 21’ 48” | 18° 00’ | 33.59 | 2.035 | .388 
00 8x 10 15 02 34 17 14 36.14 | 2.965 | .430 
30 9x 10 16 43 31 16 32 38.47 |. 4.140 | .436 
10 | 10X11 16 43 31 16 48 46.40 | 6.148 | .576 
00 | 11x 12 16 43 31 17 14 54.62 | 8.808 | .860 
00 | 12x 12 18 07 48 17 22 54.14 | 11.303 | 1.093 
10 | 13x 18 18 01 18 18 10 62.88 | 15.409 | 1.516 
30 | 14x 18 19 19 14 18 12 62.85 | 19.064 | 1.552 
00 | 15x 14 19 06 05 20 00 72.14 | 25.081 | 2.182 
30 9X 10 16 43 31 16 16 39.74 | 4.140 | .328 
10 | 10X11 16 43 31 16 26 47.49 | 6.148 | .680 
00 | 11x 12 16 43 31 16 38 56.19 | 8.808 | .943 
00 | 12x 13 16 43 30 16 56 65.24 | 12.245 | 1.384 
10 | 13x 14 16 43 29 17 22 74.72 | 16.594 | 1.978 
30 | 14x 14 17 55 44 17 24 75.02 | 20.531 | 1.939 
00 | 15x 15 17 50 54 18 06 85.15. | 26.819 | 2.657 
40 | 16x 15 18 58 25 18 08 85.18 | 32.276 | 2.677 
30 | 18x 16 19 58. 20 19 42 95.84 | 48.221 | 3.748 
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TABLE XLI.—GEOMETRICAL PROPOSITIONS 





The References are to Davies’ Legendre, Revised Edition. 


’ 























No REFERENCE. HYPOTHESES, CoNSEQUENCES. 
x 

Ath TVigtoely «feeb dee Ifatriangleisright | The square on the hypothe- 

angled, nuse is equal to the sum of 
the squares on the othez 
two sides. 

2. I., X1., Cor. 1.. If a_ triangle is | It is equiangular. 
equilateral, 

“AU [eG Seo (Se Sag ae +-.--|Ifa triangle is | The angles at the base are 
isosceles, equal. 

4 | I., XI., Cor. 2.... | If a straight line | It bisects the vertical angle. 
from the vertex And is perpendicular to the 
of an isosceles base. 
triangle bisects | 
the base, | 

5 | L, XXV., Cor. 6.. | If one side of a tri- | The exterior angle is equal to | 
angle is pro- the sum of the two interior | 
duced, and opposite angles. : 

Bi. LV CX, doen ser If two triangles are | They are similar. And their 
mutually equian- corresponding sides are 
gular, proportional. : 

Y | I, XXVII,....... | If the sides of a |The sum of the exterior 

olygon are pro- angles equals four right 
uced in the angles, | 
same order, | 

8 | 1, XXVI., Cor.1.|If a figure is a! Thesum of the interior angles | 

‘ quadrilateral, equals four right angles. 
9| L, XXVIII....... | If a figure is a | The opposite sides are equal. : 
| ; parallelogram, The opposite angles are | 

\ equal. It is bisected by its 
1, XXX. diagonal. And its diagonals | 
bisect each other. 

TO" (EL VAN: tic ae eee If three points are | A circle may be passed | 
not in the same through them, 
straight line, 

i aes Gh eA B bases If two ares are in- | They are proportional to the | 
tercepted on the corresponding angles at the 
same circle, centre. | 

12} V., XML, Cor. 2.) If two arcs are | They are proportional to thei | 
similar, radii. | 

TS) Ving PXATTS.8 « deve ats If two areas are | They are proportional to the | 
circles, squares on their radii. 

Be)’ LAT. Vida. 3 « apepacurs If a radius is per- | It bisects the chord. And it! 
pendicular to a bisects the arc subtended | 
chord, by the chord. | 

PS) TIT EX 3. eh ek If a straight line is | It meets it in only one point, | 
tangent to a And it is perpendicular to | 
circle, the radius drawn to that) 

| point. 

16 | II., XTV., Cor If from a point | There are but two. They are | 
without a cirele| equal. And they make 
tangents are ual angles with the chord 

UA-a I drawn to touch joining the tangent points, | 


the circle, 


| 
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The References are to Davies’ Legendre, Revised Edition. 











No. REFERENCE, HYPOTHESES. CoNSEQUENCES. 
Bra FU Uy. Keigisieieestess ais If two lines are | They intercept equal arcs of 
parallel a circle. 





tre, 


19 | IM, XVII1.,Cor.2 | If an angle is in- 
scribed in a semi- 
circle, 


2. DUS CE BRD. @@ Har Sone If an angle 
formed by a tan- 
gent and chord, 


21 | IV.,XXVIIL.,Cor. | If two chords in- 
tersect each oth- 
er in a circle, 


22 | IV., XXIII.,Cor.2 | And if onechord is 
a diameter, and 
the other 
pendicular to it, 


23 | IV., XXIX., Cor..| If two secants 
meet without the 
circle, 


24 | IV., XXX.........| If a secant and 
tangent meet, 


25 | IV., XIV......... | If a straight line 
from the vertex 
of a triangle bi- 
sects its base, 


BOM SLV., Asc cc o-cce If a perpendicular 


be d 


the vertex of a 
triangle to the 


base, 


or a tangent and 
parallel chord, 


Prem ELEN, XV UENS cee If an angle at the 
circumference of 
a circle is sub- 
tended by the 
same are as an 
angle at the cen- 








The angle at the circumfer. 
ence is equal to half the 
angle at the centre. 


It is a right angle. 


It is measured by one half of 
the intercepted arc. 


The ager of the seg- 
ments of the one, equals the 
rectangle of the segments 
of the other. 


The rectangle of the seg- 
ments of the diameter is 
equal to the square on half 
the other chord. And the 
half chord is a mean pro- 
portional between the seg- 
ments of the diameter. 


The rectangles of each secant 
and its external segment 
are equal. 


The rectangle of the secant 
and its external segment is 
equal to the square on the 
tangent. And the tangent 
is a mean proportional be- 
tween the secant and its 
external segment. 


The sum of the squares on 
the two sides is equal to 
twice the square of half the 
base increased by twice the 
square of the bisecting line. 


The square of a side opposite 
an acute angle is equal to 
the sum of the squares of 
the other side and the base, 
diminished by twice the 
rectangle of the base and 
the distance from the ver- 
tex of the acute angle to 
fee foot of the perpendicu- 
ar. 


a EEE 
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THE TRIGONOMETRIC FUNCTIONS 
In the ficure, the ratio “is called the sine of A 

* jalballed the cosine of A 
> is called the tangent of A | 
Dis called the cotangent of A 


+ is called the secant of A | 


< is called the cosecant of A 














To these may be added, versine A =1—cosine A = f = b 
exsec A =sec A —1 -> 
\ 
coversine A =1—sineA =~ = 2 
and 
Ce S & 
coexsec A = cosecant —1 = a 


B 





The trigonometric functions are sometimes defined with reference to the 
sides of a right triangle, as follows, abbreviating sine A to sin A, and so on 
b “ 5 : 
sign cA call mip ee pe CCS INO oe 
hypotenuse 
adjacent side 


hypotenuse 


Il 
{I 
g. 
5 
by 


cos A = 


opposite side 


anA = - : 
: adjacent side 


ala e128 a|% 9 
Il 
4 
° 
° 
or 
wy 


adjacent side 


A = : : 
eas opposite side 


i] 
Il 
oe 
© 
Bp 
& 


hypotenuse 
adjacent side 


i] 
Q 
° 
a 
Q 
Q 
by 


sec A = 


hypotenuse 
a =sec B 


woree A opposite side _ 


i] 
Bla clo 
4 
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The complement of an angle = 90° — the angle. 

The supplement of an angle = 180° — the angle. 

Again, the functions of an angle may be shown by use of a circle whose 
radius is unity or 1. 

In the Figure, lets A = angle BAC = arc BF, and let the radius AF 
‘=[AB = AH = 1, 

We then have, 


sin aA = BC 
cos A = AC 
tan A = DF 
cot A = HE 
sec A = AD 


cosec A = AG 


versin 4 =OF= BE 
coversA = BK= HL 


exsec 4d = BD 
coexsec A = BG 
chord 4 =BF 


chord 2.4 = BI= 2BC 


In the right-angled triangle ABC. 
Let AB = c, AC = b, and BC =a. 











We then have: 
a 
1. sin A + ae cos B it, 
b . 
2. cos A = tieethies sin B 12. 
a 
8. tan A =u = cot B 13. 
b 
4. cot A ihe’ =tanB 14. 
Cc 
5. sec A Ane ee cosec B 15. 
c 
& cosec4 = = = sec B 16. 
c—b 
7. versA4 = Ame = covers B 17. 
—b 
8 exsecA = —@ = coexsec B 18. 
—a _ 
9. covers A = = versin B 19. 
10. coexsec A = “—* = exsec B 20. 
21. area = 12 





a=csinA=btanA 


b=ccosA=acotda 


a WR P 
i. bina cosa 





a=ccosB=bcotB 


b=csin B=atanB 
SEPA a a os 

~ cos B” sin B 
a= 


= (+d) C—b) 
b = V(e4+a)(C—a) 
¢ = VaI+b3 


C=9°= A+B 


cc nee aE EEEEEEEEEEE EES EERE 








342 TABLE XLII.—TRIGONOMETRIC FORMULAS 














Soivution or RicHT TRIANGLES 


Equations 1 to 21, inclusive, will solve any right triangle. | 
The following fundamental properties of triangles will help in checking 
results: X 
1. The sum of the interior angles of any triangle = 180°. 
2. In any triangle the larger angle ts opposite the larger side and conversely, 
3. In any triangle the sum of two sides is larger than the third. 
4. Ina right triangle, the sum of the two acute angles = 90°, and exther 
acute angle 1s the complement of the other. 
5. In aright triangle, the square of the hypotenuse is equal to the sum of the 
squares of the other two sides. 


Yr 


Quad. IT Quad. I 

















The figure shows the division of the circle into quadrants together with the 
customary designation I, II, III and IV, the first, second, third and fourt 
quadrants. The following will be of assistance in determining the signs of 
the functions in the different quadrants: 

When «x is measured in the direction OX it is positive (+), and when i 
the direction OX’ it is negative (—); similarly, when y is measured ik th 
direction OY it is positive (+), and when in the direction OY’ it 1 
negative (—). 


For instance, consider the sin of an angle in the second quadrant aD. 





The general equation is sin A = 2. Here y is + and therefore sin A is 


+; cos A = =. Here x is — and cos A is —. Similarly for the other 


functions in various quadrants. ' 


From the above, the table given below has been compiled. 


Signs oF THE FUNCTIONS IN THE Four QUADRANTS 


Quadrant 











I = First 
II = Second 
Ill = Third 


IV = Fourth 
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Notr.—Oblique triangles may be solved by use of trigonometric formulas, 
or by resolving into right triangles. 


B 


A Cc 


SoLuTION oF OBLIQUE TRIANGLES BY Usr oF ForMULAS 


Let A, B and C be the angles of the triangle and a, b and c the siden 
opposite these angles, 











GIVEN SOUGHT FORMULAS 
ps geet 
2 ’ 7a C, b, ¢, a 5 
one side | there- |C = 180° —(A +B), b= ZT 4sinB, 
and any | maining A 
two angles} parts 2 = sin Ae eB = = sin C 
sin A sin A 


Then, having found C and a, 


Ave nC 
Area Area = K =VYabsinC = aE 








2sin A 
Case II ] sin A 
23) A, a,b, B, C,c, |sinB = -b, C = 180° —(A +B), 
prasides ; 
and the a 2 
angle c= ane “sin Co aaa Cc 
opposite ; : 
one of RemarK. There may be two solutions. In order 
them that there may be such, the given angle must be 
acute, and the side opposite it must be less than 
the side adjacent to it. 
Area Area = K =YabsinC 
Case III 


Cr ds bs | Stner |¢ = Vat + oF — tab e08 C 
two sides | the other | © Vat + ab cos 


and the | side; and Then use the sine formula for the angles A and B 


included | Band A, 
Vangie | the other | sin. a= = sin Cand B = 180° — (A + C) or solve 


angles ; 
sin B = > sin C and check (A + B + C) = 180° 
a2 + c2'—b2 


25 Again, cos B = ae 
b2 + c2 — a? 
26 and cos A = a ee 


Fa EE 
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SOLUTION OF OBLIQUE TRIANGLE By Use or FoRMULAS 





GIVEN SOUGHT FORMULAS 


Second Solution 
44(A + B)%(A + B) = 90° — ne 





14(A —B)| tan1X(A —B) = <=" tan 5 (A + B) 
27 A,B A = (A+B) +4 (A —B), 
B=%(A+ B) -—% (4 —B) 
sme cos }4 (A + B) \ p) ine (A + B) 
28 Mi oye +») cos 4 (A — B) (a ere, (A —B) 
29; Area Area = K = Yab sin C 


SoLurion or OBLiIQquE TRIANGLES 





Case IV 
30] a, b,c, A, Lets =%(a@+b+0c) 
the three one angle, Pry Za 
sides or, : Rr 3 Gites a 
ABC. Then sin 4A ag as 
all the —— 
angles cos 4A = V2 —a) 
be 
a (s —b)(s —c) 
tanlgA = ere 
. _ 2V's(s — a)(s — b)(s —c) 
31 sin A = ae 
vere Age oe 
bc 
32 B and C may then be found from the sin formula 
S| Gta) GA) 
or, tanl¥gB = Ae ee 3G 3) 
_ [@=ae—d 
and tan YC —_ Gros | 
Finally check by (A + B+ C) = 180° 
33 area Area = K = Vs(s — a)(s — b)(s — c) 


SOLUTION OF OBLIO@UE TRIANGLES BY RE-SOLVING INTO RIGHT TRIANGLES 


B 


A Cc 
b 


Let A, B, and C denote the three angles and a, b, and c the sides opposite ) 


these angles. Drop a perpendicular from B on the base AC. Denote this 
line by 4 and the-parts of the base by z and y. | 
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SoLvrion oF OBLIQUE TRIANGLES BY RE-soLVING RicHT TRIANGLES 





GIVEN 


Case I 
A, B,a, 
one side 
and any 

two 
angles 


Case II 
A, a,b, 
two sides 
and the 
angle op- 
posite one 
of them 


A,a,c 


Case III 
C, a, b, 
itwo sides 
and the 


included 
angle 


Case IV 
a, b,c, 
the three 
sides 


SOUGHT 


C,b, ¢ 


B,C; b 


c, A, and 


B, the 


remaining 


parts 


the three 


angles 


SOLUTION 


C = 180° —(A + B) 

Then use eq. (22). under Solution by Use of For- 
mulas. In this case there-is no advantage in a 
right triangle solution. 


Here, also, use eq. (23) under Solution by Use of 
Formulas. When A, a, and c are given, the 
“right triangle’? method may be used if pre- 
ferred. 


From the figure, z = ¢ cos A 
h=csinA 

sin C =! and y = hcot C 

ThenbB=z+y 


Finally, B = 180° — (A + C) or check on B from 
the sin formula 


sin B a2 sin A 
a 


From the figure, y = acosC; h =asinC 
z =b—acosC 











h asin C 
ten A ~z b—acosC 
h ztan A asin C 
Then__¢ ~ gnA sind rs ats sin A 


Finally, B = 180° —(A + C) 


ct = 22 + h2 

a2 = y2 + h2 

Subtracting the second equation from the first, and 
c&—at = 22 —y? = (& + y)(z — y) 

Butz +y =bandy =b—z 

“. c2 —a? = b(a4& —y) = 2bx — b2 


2 2 — @2 
From which « = (ek el od 





26 
a spiehoo ee 
From the figure cos A = ae 5 
cos C = Z epee 
a a 


Finally, B = 180° —(A + C) 


ee 
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| 
: 


Funcrions OF AN ANGLE IN TERMS OF OTHER FUNCTIONS OF SAME Avon 


Function 


sin A 


cos A 


tan A 


cot A 


sec A 


cosec A 


&S3SS6VCSCHeNaa00—0=[_a2[2[El{E]PEPPE]E[EP[E[]a==aa=E_E_E_==— 


Function 


sin A 


cos A 


tan A 


cot A 


sec A 


cosec A 








Vsec? A —1 





sec A 
sec A 
Veec? A —1 








sec A cosec A 
V sec? A —1 1 
sec A cosec A 
1 V cosec? A —1 
sec A cosec A 
V sec? A — 1 : 
sec — 
V cosec? A — 1 
1 


V/cosec? A — 1 


cosec A 


cosec A 


—<————— 
V cosec? A — 1 





{ 

sin A cos A tan A cot A 

+ tan A 1 | 
i V1— 2 SS | Oa] 
ide : BOs V1 + tan2A V1 + cot?A) 
Vee oe mets | 
~~ OM eae V1 + tan?d | \/1 + cot®d| 
| | 

sin A V1 — costa 1 
Se) ee ee eae —— 
V/1 —sintA cos A cot A 
ASS oto Ce ae eee | 
V1 —sin?A cos A 1 
sin A ST aed as | 
1 1 ae aa cotta | 
E Ses E 1 2A: | eve OES 
Vi —sin?d | cos A tend cot A 
| Lf ee ae 
1 1 V1 + tan2A \ 
: a EN 2 

sin A V1— cos? A tan A es | 


90° —A 





cos (90° — A) 


sin (90° — A) | 
_——————————— 
cot (90° —A) | 








tan (90° — A) 
i] 
Pee Mes | 
cosec (90° — A) | 





| 


( 


sec (90° — A) 


LSLKSL 
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FUNCTIONS OF ANGLES IN ANY QUADRANT IN TERMS OF ANGLES IN THE 
First QUADRANT 
0 Ee a a ee eee ee att 











90° + A 180° + A 270° + A 360° + A 
sin + cos A + sin A —cos A + sin A 
cos + sin A —cos A + sin A + cos A 
tan * cot A + tan A *¥ cot A + tan A 
cot > tan ricer + cot A + tan A + cot A 
sec = cosec A —sec A = cosec A + sec A 
cosec + sec A +* cosec A —sec A a+ cosecA 





NouMeERIcAL VALUES OF THE FuncTions or Some ANGLES 





Angle | 0°} 30° | 45°] 60° | 90°} 120° | 135° | 150° |180°}270°|360° 


sine o| % Vz avs 1 |4%V3 EN WE o|—1 | o 

| a a ae Se bee ed et ed 

cosine i wV3IS 4% 0}|;-—% mE — eat ft eos 

a eS Sa a 3 1 

tangent 0 ve tla/S ee eccn |-0 7/5 aa a ol«lo 
el aoe 1 1 

cotangent | & V3 175 0 mys est a3 1 es ola 
Hy 2 ae 2 


secant 1 aS A/D) oi RCca eo | 4/5 moe Si || Ce 1 








cosecant |X| 2 |V2 wa Ns Paz V2 Quaiboe |ES7s1' oc 
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34 


35 


36 


37 


38 
39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 





GENERAL FORMULAS 








sin A = s 5/1 eget Aneta coe 
cosec A V1 + tan? A 


sin A = 2sin}4ZA cosWA = vers A cot 4gA 
sin A = Vi% vers2 A =V% (1 — cos 2 A) 


cos A A STH aso eS 
sec A V1 + tan? A 


cos A = 1 — vers A = 2 cos?44 A—1 =1—2sin2?k A 





cos A = cos?44 A —sin? YA = Vi% +14 cos 2A 


(ad oe eee eerenn ire sin A 
fat eee V1 —sin? A 


ey | ean 1 rg toot A sin 2 A 
~ Neos? 4 ~ cop A ~ 1+ cos2.A 


1 —cos2A _ vers2A 


poe sin2 A — sind A 


= exsec A cot A 
diste bes Avs — ett Vein 
poral = Fad and fa 


a te sin 2 A —sin2A 1+ c¢os2A 
-_1—cos2A vers2A sin2A. 


1 
bots ae 
1 exsec A 
vers A =1—cosA =sin AtanWA = 2sin? KA 
vers A = exsec A cos A 2 


vers A 


exsec A = sec A —1 =tanAtan\¥A = 
cos A 


Functions or Harr ANGLES | 


. 1 —cos A vers A } 
sing A - 4 - vo 


cos 34 A = Js 


2 
» tan A piideeCO8 A eee 1 — cos A) 
tan A = Taine cosec A —cot A = eat = 4/4 
. A ai aa, I 
Goris dae sin A _ 1+ cos fis 1 [1_+ cos A 





vers A sin A cosec A — cot A 1—cosA | | 
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53 


54 


55 
56 


57 


58 


59 


61 
62 


63 


64 
65 
66 


67 


68 
69 


GENERAL ForMULAS 





Functions oF HauF ANGLES 


Were 34 A tes ¥ vers A es 1 —cos A 
l+Vil—MversA 24/20 + cos A) 
exseclg A = ier a 


(1 + cos A) + Y2(1 + cos A) 


Functions or DousLp ANGLES 
sin2 A =2sin AcosA 
cos 2A = 2 cos? A —1 = cos? A —sin? A = 1 —2sin? A 


2 tan A 
PRES Tank 
cot? A —1 
pe AS os 86 AT 
vers2A =2sin?A =2sinAcosAtanA 
2 tan? A 
exsec 2 A = Sane 


Functions or Sum or DIFFPRENCE oF Two ANGLES 
sin (A + B) =sin A-cos B +sin B-cos A 
cos (A + B) =cos A:cos BF sin A: sinB 


tan A +tanB 


tan (4.23) TS ton een 


Sums AnD DIFFERENCES OF Two FUNCTIONS 
sin A +sin B = 2sin¥ (A +B) cos (A = B) 
cos A + cos B = 2 cos}4 (A + B) cos (A — B) 
cos B —cos A = 2s8in¥ (A + B) sin (A — B) 


sin (A + B)' 


tan A + tan B es eres 


sin? A —sin? B = cos? B — cos? A = sin (A + B) sin (A —B) 
cos? A — sin? B = cos (A + B) cos (A — B) 


—— _———_ ——— —  -..eOO}VO 
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Se eee cee nnn en 9 


















































BERIAL| TEXT 
at font GIVEN. FORMULAS. 
SimpLte Curve Formvuas 
Xv 
50 
eile’ a pears 5) | 
3 50 | 
2 2 R sin ¥D= R 
A 
3 3 A, D L= 100 5 
DL 
4 4 D, L A= T00 
5 5 Wht pi—100 & | 
L 
6 6 J ip taN T=R tan WA 
7 7 es C=2R sin YA | 
8 8 ry M =R vers YA | 
9 9 as H= R exsec YA 
10 10 TVA R=T cot Ya 
ll ll oS E=T tan YA 
12 ee 1% C=2T cos %A 
13 hee ce M = T cot Y4A-vers WA 
E 
14 12 EL, A Seexscs en, 
15 13 Le T=E cot YA 
16 R, d c= 2R sin 4d 
17 17 d, D c— 1004 (approx.) 
_ 002 | 
19 R oe 
23 iu, C y= oR 
ct 
20 24 Ry ¢ a= G00)2 
Bp 
21 40 Bp, A AA’'= BB’ = —— 
sin A 
92) | io, | RMBoL A | Reap a2? 
: vers A 
Cae PS eee PY ary aL 
| exsec A 
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BERIAL 
NO. 


TEXT 
NO. 





24 45 





GIVEN. 





FORMULAS, 


SimpLE Curve Formuras 


By es 


D, b, L 


oe 


sé 


oe 








AA’=(R—-R’) tana 


100 . 2b 
‘= ——— -1— 
D’/=DF TE sin L 
+ sin 4A 
a exsec 144A 
M=E cos ¥’A 


Cc 
cam 2 sin 4A 
M=\C tan WA 


Cc 


es 2 cos YA 


exsec 4A 


nih Ore YA 


M 
a= vers 4A 
C=2M cot YA 


T= tan 4A 
~~ vers YA 


M 
i= cos 4A 





r 
tan YA= R 


T 


nO" Se 


, C 
sin YA = oR 


cos 4A = % (2+) (z-$) 


M 
vers YA = R 


R-M 





cos YA = 


R 
E 
exsec 4YA= R 


cos Man pig 


——$——$—$——— LLL ee 
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SERIAL] TEXT 
ay A GIVEN. FORMULAB, 
wee eee | 
Simprye Curve Formvras 
‘ a | 
ee Ob Bee. cos 4A = oT | 
Ke 26 /2ES6: 
NE lea wet tan Kan / sree 
BB) Tal arethrarets TE tan “A= z | 
“a @ 72 — 2 
aT levitate cos A = Te [E | 
CAEP AI ees Las M tan WA = =u 
“e VHC C?— 4M? } 
QO8E cameras cos 4A = C24 4Ma | 
BOM emer M,E cos 6A = M 
E 
i E-& 
Ban. «| tan sean 4/ EH 
Lo a erage R, T Wes ee ® 
VT2+ Re 
R: 
OSPR Rscoracare ob Me 
VT2+ R2 
LES Ieee & es R= VT?+Ri—-R | 
| 
G5 nlc teak R, ¢C T= = : 
24/ (R+$) (x-$) | 
OO TEIER Kock as M=R-—V(R+150)(R- KO) | 
yon Tae Rage re R= Gee eo ee FR | 
V(R+350)(R— KC) 
7. RYMGR= MM) 
58 eee ees R, M = ites wy 
BOs cs ck “s G=2 VM(@R— M) ) 
- _ RM | 
GO Biles ss E= a | 
Cliwiceee 2 RE ‘Y= VE(2QR+ E) | 
UB g eee os “ cu 2RYEQR+E) 
R+E 














SERIAL| TEXT 


NO. 


NO. 
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FORMULAS, 








SrimpeLte Curve Formupas 





70 


71 


12 


73 


76 


17 
78 


79 
80 


81 





see eee 





see eee 


se eeee 


se ecee 





“6 








RE 

R+E£E 

= CT 
V2T+0)Q2T— C) 


are 
um Mc ore g 


M= 











2T—C 
Z=TW srt¢ 
pa (P+EMT-£) 
2E 
Oe) 
~ [2+ E2 
_ E(T?— EB?) 
M= [24 #2 
pau Mit C40) 
= 3M 
7a L(Ct + 4M?) 
~ 2(02— 4M?) 
_ C24 4M3 
es oe at 
EM 
CS eae 
‘H E+ M 
eT gee 
a E+M 
c= am y/o 
ri— pet? + RT 4MT=0 


E3+ E2M — ET?+ MT*= 0 
C3+ 2TC?2+4M?C—8M?T=0 


2— (2 C2 (2K 
6ee-— Oia see? 


273 — T?C — 2TE*— CE?=0 


2 
m+ mn+mM 2 —-CF Wo 


Gee. 
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TEXT 





GIVEN. | 














eo" HO. FORMULAS. 
Compounps wnp RzversEep CuRvES 
82 76 | A, Ae, Ri, Re T, sin A= R, vers A+(R2—Rj)vers Az 
83 V7 A, Ay, Ry, Re T2 sin A=Rz vers A—(R2—R)) vers Ay 
Re vers A— T2 sin A 
1 = 
84 78 A, 71, Te, Re tan YA) Rian Mods cosa 7, 
T, sin A—R, vers A 
AI eg ee Cleared ee Le 
85 9 By Li Pas Beg comya8s T2+T ; cos A—R, sin A 
86 | 764 | A, As, Ry, Ro Ree vers Aa ep Rp iverids 
sin A 
T; sin A-- R; vers A 
87 | .76B |A, Ao, Ry, R2iT1 Ro= Ry+ wer 8 mer 
Cie 
ss | 760 | 4, Ri, Ra 7: ee ey ee eS 
: Re—R, 
A- — & 
89 | 77A | A, do, Ry, Re fee ee 
\ sin A 
Re vers A—T2 sin A : 
90 77B | A, Aj, Re, Te R= Ro- <a. vers Stan eat ! 
Re vers A — To sin A | 
91 | 77C | A, Ri, Re, Te vers A|= SS as Py |e | 
1 ' 
92 144 Dat vers Apecee: | 
i | 
Yep | 
93 145 P, 4, Vers Oy 
94 146 Gop) Daath r= La —T | 
at vers A; 
95 | 147 Py ti 2 vers Ap=—? — 
r1+7T2 | 
1 
96 152 iB Ay, Ag } 


kr tan 34A;+tan 14A¢3 
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“ip rear GIVEN. FORMULAS. 
TuRNOUTS 
97 158 F n= cot 4F 
98 | 161 [gh f,t,.F,n}| Lg=l+[@—h—fsin F)] 
cot 4(F+ S)+/f cos F+ nt 
—h-—fsinF 
Ware 9 
99 162 |9,4,/,F,8 r+ 2 sin 4(F — S) sin KFS) 
100 169 hy gS o=h—(r+ Mg) vers S 
101 177 9, 7n L, = 29n 
102 178 g, n r= 29n?=L.n 
pee 
103 181 p, g, F d= nie cot F 
104 183 9, k, Fy r a=g+ksin F—(r+ 4g) vers F 
1g = Poh sin F 
TOS" Niscence. P, g, k, F Tog) Soar 
106 |------- City ee o=g-— (r+ 4g) vers F 
SPIRALS 
ED 
107 222 STN I eI tana=~ Z 
y—-y 
108 223 a, 8 t=a-—s 
; ee ee 
109 uae ome Tae coss sings 
x 
110 225 Zz, Y, 8 LE= Bae SE=y—z cots 
lll 228 eS big) 3 p=2z-—R’ verss 
112 | 229 vy, R’, 8 q=y—R’sins 
nt 3 ,sin (4A—e) 
113 230 | y, z, A, R’, 8 T,=y+2 tan ¥a+R Saiedse ne 
114 232 R’, n, ¢ T, =R’ tan 4A+ ne (approx.) 
_ &+R’(cos s — cos 4A) 
115 233 a, R’gus, A E,= eeeeA 
116 237 |R, R’, z, 3, A| hcoos4A=(R—R’) vers 4A —(2—R’ versa} 
117 238 See Ae) NN p= (R—R’) vers 4YA—h cos WA 
118 239 y, Rk, R’, 8, h, A d= y— R’ sin s — (R maida +h) sin MA 
—Rverss p 
44 Ligh Se = 
119 4 a, Rs, A : cos YA cos 4A 
120 245 q, h, p, A d=qthsin YA=¢+p tan YA 
me? SP pon P= AP” 
121 44 P,P’, A Li ATR Ne PES sinA tandA 
122 247 |¢,q’, AC, BC’| d=q+AC d= q+ BC’ 
253 = eB 
123 2 Pp, A sar 67 
124 254 | T,¢,p, 4| T>;=T+at+ptan YA 






































356 TABLE XLIII.—-FORMULAS 
SERIAL | TEXT 
a vo GIVEN. FORMULAS. 
Tue TEN-cHORD SPIRAL 
x. 2.28 
125 255 R, L,l R77 
Ghent 
126 | 256 D, L,1 Dae 
LD 
127 257 L, D S = 500 
s 72 
128 258 S,L,1 3B 
DL? 
129 260A D,L x =600 
} Di? 
130 z,l G => =600L (approx.) 
131 261 38 i=} (approx.) 
132 262 U¢ y =l cos * 
133 264 zy tan I -2 
134 267 S,I I’=S-I 
135 268 X, Y, Rs a=Y-—-Rsins; p=X —Rverss 
136 | 269 R, p,q, A Ts =(R +p) tan 4A+q 
137 270 | R,p,g A Es =(R +p) exsec 34+ p 
TT 
Eartowork 
_ rt SS 
138 Surette b, s, d z= b+ sd 
a=léb he 
139. |. 4 b, s, hy k | rea 3 
=l4b+ sk 
140 277 bo se A=bd+ sd? 
141 278 b, m, n, d A=Wib+m+n)d 
142 281 |b, h, k, m,n| A=Yd(m+n)+KbA+k) 
b 2 
143 282 | b, s, d, m,n A=%(d+2) (mtn —% 
1 (A+A’) 
144 283 ’ pee ame Bs 
ANCA! s 27 2 
uf 
145 284 , eS eS r 
A, A’, M S 6xa7 At4M + 4+) 
146 285 Sz, SP C=SE-—Sp 
| Oe See 
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SERIAL 


NO, 





TEXT | 


NO. i 


GIVEN. 





FORMULAS. 


EARTHWORK AND MISCELLANEOUS. 





147 
148 
149 
150 
151 
152 
153 
154 
155 
156 


157 


158 


159 
160 


161 
162 
163 
164 
165 
166 


167 





287 | b, bY, w, w 


289 |d, d’, D, D’ 


293 A,h 
294 A, h 
295 FAs 


296 b, s, d 
298 b, a 

299 
300 |b, 8s, d, m, n 
301 jd, d’, D, D’ 


306 1, A, A’, S 


307 l, A, 1A’ 


308 CLA 
309 D 
310 Ric 
313 R,c 
315 n 
316 n 
Nsatatere fave 9, 9,4 
Nactdaee 99,7 


324A | 9, V, R 


C= w') (k— &/) 


l 
axa” 
l 
oe ee ey, 
e hi + ho + ha 
Pala) 


gat 7 (eam eee 
27 


282+ 333+ 454 
Sc si + 2s0 
a 4X 27 


s=>> bak ods) 


50 
S= 54 0%. 


SE= oO d(m+n) +2 4b(h +k) 


is a 50 b2 
Saas (a+3) (et Te 


1 , ; 
C= 357 (@—d’)(D—D’) 


_ (A= AY rh 
RX27S 


1 A-Ajj 
6 A+A’ 


M=VC-tana 
m= 14100 tan %D 


eee 


m == R (approx. ) 





zL£= 


240 
D= re (approx.) 


198 
D= ae (approx.) { 


g— 0’ 
2a 


o—¢ 
2n 








a= 


€= .000686V2D (in inches) 
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Title. Symbol. | Number. Lees 

Ratio of circumference to diameter ..... Ls 3.1415927 | 0.4971499. 
Reciprocal of same........... N hese ees a 0.3183099 | 9.5028501 
Degrees in arc of length equal to radius. 16 57.295780 | 1.7581226 
Minutes ‘' oe ea AEE 29800" 3437.7468 | 3.5362739 
Seconds ‘‘ ne Hy coed a segoog" 206264.81 | 5.3144251 
Length of 1° arc, radius unity.......... TH? - 01745329 | 8.2418774 
Length of 1’ arc, ‘* eee Rh ciel otaaterars am - 00029089 | 6.4637261 
Length of 1” are, ‘M4 snap ea A ee 4. 6855749 
Radius by which 1 foot of are = 1 degree. 57.295780 | 1.7581226 
Radius ‘* [Sts tg SS = minute: 343.77468 | 2.5362739 
Radius ‘‘ ‘* ste ‘*  ‘* =10seconds 206.26481 | 2.3144251 
Factors for dividing a line into extreme 0.6180340 | 9.7910124 

ANG MEAD) TATION fo. 2). cies -rechogrchovere 0.3819660 | 9.5820248 
Base of hyperbolic logarithms.......... e 2.7182818 | 0.4342945 
Modulus of common system of logs =log ¢ M 0.4842945 | 9.6377843 
Reciprocal of same =hyp. log. 10....... q 2.3025851 | 0.3622157 
Length of seconds pendulum at New 

York in inches (at 125 feet above sea 

level) fer stane oi) cio alotoieuskadera tere ctevete nteteneys 39.10299 | 1.5922100 
Length of seconds pendulum at New 

York in feet..... Lgeadwctis Got ese 3.25858 | 0.5130244 
Acceleration due to gravity at New York g 32.1609 1.5073282 
Square root of same............e00e0. Vo 5.67106 | 0.7536642 
Vardsjin 1 meter 20 stereres.cap clave clstere ters 1.093611] 0.0388629 
Feet ny ace vereveier-cletelecserioicnecearces 3.280833, 0.5159843 
Enchesinyls tar eis sccestorsl os tis iets cre. therence 39.37 1 1.5951654 
Metersiind f00t.; < 0/2. « cettettoaters cierto 0.304801) 9. 4840235 
Metersjin Wyard 5. 25 si. a2 st ees ale oOod 0.914418) 9.9611448 
Metersiin’ l miles 2% .0 01. c.0's'es 0 ates © 1609. 344 3. 2066489 





TT {X_"——_———-— row ses 
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Title. Symbol. | Number. | YQ&@ 
Cubic inches in 1 U.S. gallon.............. 2381. 2.3636120 
3 fe S$  Imperial gallon. . 52.5. <- 277.274 | 2.4420092 
fe Sr poe Una -zDUSMOlere ote eicieeieismicia 2150.42 | 3.3325233 
Cubic feetin 1-U. S. gallon................. 0.133681 | 9.1260683 
#8 ser5°* 1 -Imperial’ gallon’. ....)2 1. Bah 0.160459 | 9.2053055 
sine S01 Ue SU bushel.cer ces g-gae sock 1.244456 | 0.0949796 
Weight of 1 cub. foot of water, barom. 30 in, 
ther. 39°.83 Fah.; pounds.. 62.379 | 1.7950384 
seen 6ze % $5 os 62.321 | 1.7946349 
Weight in grains, 1 cubic inch, at 62° Fah.. 252.458 | 2.4021892 
No. of grains in 1 pound avoir..... SOatoogods 7000. 3.8450980 
‘ Se SPALOUNCC ie Go aiaiteers the aio tee 437.5 2.6409781 
Di aes L } 180° 
r = radius of circular arc; r 7 8 
2 = length of arc; r= 2. z == 
Gon 70; 
a° = degrees in same arc. Nleceion: 1 
180° 


, 
Radius by which the length of chord c in feet = a in minutes; 


yea’ 


"= 70 sin Ya’ 


Hyp. log x = com. log x X a or 
com. log (hyp. log x) = com. log (com, log 2) + 0.3622157 
Com. log x = M x hyp. log x; or 


com, log (com. log #) = 9.6377843 +- com, log (hyp. log x) 


Circumference of circle (radius = 1)............ cee cece eee eee eees 2ar 
Part Of GIFCIO Sean o.< te tele inti eiey: vaio ore lcleleie nibleinie v.s)sidiw Civie afe/alislaferetes vis 5 mr? 
Area of sector (length of arc = 1)......-...ceceesecee cece eeeereee Bae Ylr 
Area of sector (angle Of ATC = G°).....-.. eee cece cece tenet teen eee een wr? 


Approximate area of segment (chord = c, THIG., OF. = 2) sc08.csice Yem 





360 TABLE XLV.—DEFLECTIONS FOR TEN-CHORD 


TRANSIT AT S 


SPIRAL. 


ooocooooo°oceo 


ocococ]eceo[e 


oocooooooecoc“a 


















































Seessesosese?s cesessscess ScoeSeeecescS 
=] e838 BSNITCLS NARRSIASSSA GISLSISSSS SASSSINSVRNAKRSeSASSS SISVSISSS 
) ° ° ms 4 4 x 
QONAMQAN AGONY QIK MAGNO QOMAQARGOO QOQGILMRONHY VORMABIQTS ONAQInNISeN 
> |scuaes ARAM FSRAARRASS BHSHOSERSES SSESSBSSSSS SSSANASAALA QAGRRSRASHE 
oS o Oo oS et et et an 
QRQOATR ONG ATOARAQQOMO AITHQIQOY IY HOMQOAGOGAN QNQMOERAWHS NQONITROAQN 
© scdeses FAN SAMAR ARAA AAKHAOHoO BwVenewego SSBSESSSSS SSESSISsmSS 
> |Saseesesees SANA RAGAN Doses SHPVRHESEes SAaRBsser 
oS o ° ° o o o 
» | Ssasdsesess SSSSSRARAA SSSR RRBRRR SRRARRRARS RSSBBRBSSSS SHSSSSSASR 
S o =) ° rc) ° =) 
o| SSsSS8SS8SSS SSSSSSSSSR SAASASBAAS SRS ESSSSR RANRSRRASS BRSSHHVSVSS 
So o ° °o ° ° ° 
SROQMOANOAN QNMGOAIHOAY MOGROMOQOMO ANOANAQOANO GHQITROWNE MOOMOANGAR 
~|Seetsccuase SSSSSSSEES SSSSSSSSSS SSSSRTASSS QVM migiees Conrrronns 
i ) =) ° ° ° ° 
~ | Seeecescess SSSSSSSSSS SSSSSSSESS SSSSSESSSS SSSSSSSSVS S2BSSSssss 
o i) ° ° o o o 
SANNMWGOOHY ROGINMAHAT MODARGHANMY QOOMORGOGHA IGHNORNQOA GRanwgoonn 
= |B855 SS8S8S8SS8 SSSSSSSSSS SSSSSSSSSS SSSRSSSSSS SSSSSSSVOs satssesass 
tS) o =) o ° ° ° 
SSSESYNASSH QRSLRRRSSRVG VSSSRASSVS SSSSSRELLS VSSSSRSSSS Ssseensera 
“| SSSSSSS8888 SSSSSSSSSS SSSSSSSSSS SSESSSSSSS SSSSSSSSSS Seeded dddaa 
oS So o o So Oo 
ial | Bareraeneag re Re ER Oe bepcac hie bdardo: kabd Sao isnt cd cha er Bede? eet a eeoter Ge ARAMA ARS 


t! 


| 


a> 
° 


J 
SSBURPORwWik Sido UHine wire 


fioed. tt 
o nes. Lao 
CCOOADUOP WOH COBNIRi pwr 


SOmBIAMBPwWIH CKobHURiR wit 


& 





‘TABLE XLV.—-DEFLECTIONS FOR TEN-CHORD 36u 
SPIRAL. TRANSIT AT S 













































































1 2 3 4 5 6 7 8 9 10 
0° 01.22’0° 04.9’|0° 11.0’\0° 19.5’\0° 30.5’|0° 43.9’|6° 59.8’|1° 18.1/|1° 38.8’ |2° 02.0’ 
01.24), 05.0); 11.2} 19.8) 31.0} 446|1 008} 19.4) 404] 04.0 
01.26) 05.0; 113} 20.2) 31.5) 45.4] 01.7) 206] 421) 06.0 
01.28) 05.1] 11.5} 20.5} 32.0) 46.1) 02.7) 219] 43.7] 08.0 
01.30) 05.2) 11-7] 20.8) 32.5} 46.8) 03.7) 23.2] 45.31 10.0 
01.32} 65.3) 11.9} 21.1) 33.0} 47.5) 04.7) 245|) 4691! 12.0 
01.384; 05.4); 12.1] 214} 33.5) 48.2] 05.7) 25.8] 485] 140 
01.36) 05.4) 12.2} 21.8) 34.0) 49.0] 06.6) 27.0) 502! 16.0 
01.88) 05.5) 124} 22.1) 34.5} 49.7) 07.6] 283! 51.8] 18.0 
0 01.40 /0 05.6 |0 12.6|0 22.4 /0 35.0)0 50.4 |1 08.6 |1 29.6 (1 58.4./2 20.0 
01.42] 05.7) 12.8} 22.7} 35.5} 511] 09.6] 30.9! 55.0] 22.0 
01.44) 05.8) 13.0] 23.0) 36.0} 51.8] 106] 32.2) 566; 240 
01.46) 05.8) 131) 23.4) 36.5} 52.6} 11.5) 33.4| 583] 266 
01.48; 05.9} 18.3] 23.7) 37.0} 53.3) 125) 34.7] 599] 28.0 
01.5C} 06.0] 13.5] 24.0} 37.5| 54.0) 13.5} 36.0/2 015] 30.0 
01.52; 06.1) 13:7] 24.3) 88.0} 54.7) 14.5] 387.3} 081] 32.0 
01.54} 06.2} 13.9} 24.6} 388.5] 55.4] 15.5} 386] 04.7) 34.0 
01.56; 06.2} 14.0} 25.0} 39.0] 56.2) 164) 389.8} 064) 36.0 
01.58} 06.3) 14.2} 25.3) 39.5) 56.9) 174] 41.1] 080] 38.0 
0 01.60 |0 €6.4)0 14.4)0 25.6 |0 40.0)0 57.6 |1 18.4|1 42.42 09.6 |2 40.0 
01.62} 06.5} 14.6} 25.9} 40.5) 583] 19.4} 43.7! 11.2] 42.0 
01.64) 06.6} 14.8} 26.2} 41.0) 59.0} 20.4; 45.0} 12.8; 44.0 
01.66} 06.6) 149) 266) 41.5} 59.8} 213) 462) 145] 46.0 
01.68; 06.7) 15.1] 26.9} 42.0/1 00.5) 22.3) 47.5] 16.1] 48.0 
01.70} 06.8; 15.3) 27.2} 42.5) 01.2] 23.3] 488] 17.7] 50.0 
01.42). 06.9] 15.5] 27.5) 48.0), 01.9} 243) 501} 193] 52.0 
01.74; O70) 15.7} 27.8) 48.5} 02.6} 25.3) 514} 209) 54.0 
01.71 O7C} 15.8) 28.2) 44.0} 03.4} 26.2} 52.6} 22.6) 56.0 
01.78} O71) 16.0) 28.5} 44.5) 04.1] 27.2} 58.9] 242] 58.0 
0 01.800 07.2 |0 16.2 /0 28.810 45.0)1 04.8|1 28.2 |1 55.2/2 25.8 |8 00.0 
01.82} 07.3) 164] 29.1) 45.5} 05.5} 29.2) 56.5}. 27.4] 02.0 
01.84) 07.4} 16.6] 294) 46.0) 06.2] 30.2] 57.8] 29.0] 04.0 
01.86) 07.4} 16.7] 29.8) 46.5} 07.0] 311] 59.0} 30.7] 06.¢ 
01.88; 07.5} 16.9} 30.1} 47.0) 07.7} 382.1/2 00.3] 323] 08.0 
01.90; 07.6) 171) 304] 47.5) 084] 331) 016} 33.9] 10.6 
01.92} 07.7} 17.3} 30.7) 48.0} O91} 3841) 02.9} 35.5] 12.0 
01.94} 07.8) 17.5} 31.0; 485) 09.8} 35.1] 04.2) 371) 14.0 
01.96} 07.8} 17.6} 31.4) 49.0) 10.6) 360] 05.4) 388] 16.0 
01.98} 07.9} 17.8) 31.7} 49.5} 11.3] 387.0] 06.7) 404) 18.0 
0 02.000 08.0 0 18.0)0 32.0 )0 50.0 /1 12.6 }1 38.0 |2 08.0 |2 42.0 |3 20.0 
{- 02.02} 081] 18.2} 32.3]. 50.5) 12.7] 39.0} 09.3} 43.6] 21.9 
02.04} 08.2} 184} 32.6) 51.0} 13.4} 40.0} 10.6] 45.2] 23.9 
02.06) 08.2} 18.5} 33.0} 51.5} 142} 409] 11.8] 46.8] 25.9 
02.08) 08.3] 18.7] 33.3) 52.0) 14.9) 41.9] 18.1] 485] 27.9 
02.10} 084] 18.9} 33.6) 52.5) 15.6) 42.9) 144; 50.1] 29.9 
02.12} 08.5) 19.1} 33.9} 53.0) 163) 43.9) 15.7} 51.7] 31.9 
02.14} 08.6} 19.3) 342) 58.5} 17.0) 44.9] 17.0) 533) 33.9 
02.16} 08.6} 19.4) 34.6) 54.0] 17.8} 45.8) 182] 549) .35.9 
02.18} 08.7). 19.6} 34.9} 54.5) 18.5] 46.2} 19.5] 56.6) 37.9 
0 02.20}0 08.80 19.80 35.2 }0 55.0|1 19.2 |1 47.8 |2 20.8)2 58.2 /3. 39.9 
02.22) 08.9} 20.0; 35.5} 55.5) 19.9} 488] 221) 59.8) 419 
02.24} 09.0) 20.2} 35.8; 56.0} 20.6} 49.8) 23.4|3 01.4) 43.9 
02.26) 09.0) 20.3} 36.2} 56.5; 21.4) 50.7) 24.6; 03.0) 45.9 
02.28) 09.1} 20.5) 36.5}; 57.0} 22.1} 51.7) 25.9} 04.7) 47.9 
02.30} - 09.2) 20.7) 36.8) 57.5) 22.8) 52.7) 27.2} 06.3] 49.9 
02.32| 09.8} 20.9} 37.1} 58.0} 23.5} 53.7} 28.5} 07.9] 51.9 
02.34; 09.4) 21.1) 37.4) 58.5) 24.2] 54.7} 29.7) 09.5] 53.9 
02.36) 09.4} 21.2]. 37.8) 59.0) 25.0] 55.6] 31.0; 11.1; 55.9 
02.38} 09.5| 21.4) 381] 59.5) 25.7) 56.6) 32.3) 12.7) 57.9 
0 02.400 09.6 |0 21.60 384)j1 00.0|1 26.4/1 57.6 |2 33.6|3 14.4 |8 59.9. 
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8 1 2 3 4 5 6 U 8 9 10 

12.1° 0° 02.42’10° 09.7//0° 21.8’) 0° 38.7/11° 00.5’|1° 27.1/)1° 58.6’/2° 34.9’/3° 16.0’/4° 01.9’ 
2 02.44) 09.8; 22.0) 39.0) 01.0) 27.8) 59.5) 36.1} 17.6] 03.9 
3 02.46) 09.8) 22.1) 39.4] 01.5] 28.6/2 00.5) 37.4) 19.2} 05.9 
A 02.48; 09.9} 22.3}; 3.7} 02.0} 29.3} 01.5] 38.7] 20.8] 07.9 
5 02.50) 10.0) 22.5/ 40.0) 02.5) 30.0) 02.5) 40.0) 22.5] 09.9 
6 02.52) 10.1) 22.7) 40.3] 08.0) 30.7) 03.5) 41.3) 24.1) 11.9 
ay 02.54; 10.2} 22.9) 406) 03.5} 31.4) 04 42.5) 25.7) 18.9 
8 02.56} 10.2} 23.0) 41.0) 04.0} 32.2) 05. 43.8) 27.3} 15.9 
9 02.58} 10.3} 23.2) 41.3) 045) 32.9) 06. 45.1} 28.9) 17.9 
13.0 |0 02.60 /0 10.4 0 23.4/0 41.6|1 05.0 /1 33.6 |2 07.4 |2 46.4 |3 30.5 /4 19.9 
il 02.62) 10.5) 28.6] 41.9] 05.5) 34.3] 08 47.7| 32.2} 21.9 
2 02.64) 10.6) 23.8] 42.2] 06.0) 35.0} 09. 48.9} 33.8) 23.9 
3 02.66} 10.6; 23.9) 42.6) 06.5} 35.8] 10. 50.2| 35.4] 25.9 
4 02.68; 10.7| 24.1) 42.9) 07.0) 365) 11. 51.5] 387.0) 27.9 
5 02.70) 10.8) 243) 43.2) 075) 37.2] 12 52.8} 38.6] 29.9 
6 02.72} 10.9] 24.5] 48.5] 08.0) 37.9] 13 54.0) 403) 31.9 
nf 02.74) 11.0) 24.7] 43.8) 08.5) 386] 14 55.3} 41.9} 33.9 
8 02.76) 11.0} 248) 44.2 39.4) 15. 56.6} 43.5} 35.9 
9 02.78) Ill) 25.0) 44.5 40.1) 162) 57.9} 45.1] 37.9 
14.0 {0 02.80/0 11.2 |0 25.2/0 44.8 /1 1 40.82 17.2 (2 59.2 |3 46.7 /4 39.9 
1 02.82) 11.3) 25.4) 46.1 41.5) 182/3 004} 484] 41.9 
2 02.84) 11.4|) 25.6) 45.4 42.2| 19. 01.7; 50.0} 43.9 
3 02.86} 114] 25.7) 45.8 43.0} 20 03.0} 51.6} 45.9 
4 02.88) 11.5) 25.9) 46.1 43.7| 21 04.3) 53.2} 47.9 
5 02.90) 11.6} 26.1) 46.4 44.4) 22 54.8) 49.9 
6 02.92) 11.7} 26.3) 46.7 45.1] 23. 56.4} 51.9 

7 02.94) 11.8} 265} 47.0 45.8] 24 58.1 

8 02.96} 11.8} 26.6} 47.4 46.6| 25. 59.7 
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53.9 

55.8 

2 57.8 

2 59.8 

2 01.8 

28 03.8 

29 05.8 

a 07.8 

3 09.8 

3 11.8 

3 13.8 

3 15.8 

' i X . 35 17.8 

0 03.20 |0 12.80 28.8]0 51.2 |1 1 55.2 |2 36.8 |3 19.1) 19.8 

4 55.9} 37. 20.7) 21.8 

03.24) 18.0) 29.2 51.8 56.6] 38 22.3] 23.8 

03.26] 18.0) 29.3] 52.2 57.3} 39. 23.9} 25.8 

03.28} 13.1] 29.5 52.5 58.1) 40. 25.6] 27.8 

03.30} 13.2] 29.7 52.8 68.8} 41. 27.2| 29.8 

03.32] 13.3] 29.9 53.1 59.5} 42. 28.8} 31.8 

03.34) 13.4} 30.1 53.4 2 00.2] 43. 30.4} 33.8 

: 03.36) 13.4} 30.2 53.8 00.9} 44. 32.0| 35.8 
f 03.88] 13.5] 30.4 54.1 01.7} 45. 33.6 | 37.8 
17.0 {0 03.40 |0 13.6 |0 30.6} 0 54.4 |1 2 02.4 |2 46.6 |3 4 35.3 |5 39.8 
-] 03.42 | 13.7] 30.8 54.7 : 03.1} 47. : 36.9] 41.8 
2 03.44] 13.8] 31.0) 55.0 : 03.8} 48. ; 38.5 | 43.7 
3 03.46) 13.8) 31.1 55.4 : 04.5} 49. ; 40.1) 45.7 
4 03.48| 13.9] 31.3) 55.7 05.3) 50. , 41.7| 47.7 
5 03.50; 14.0] 31.5] 56.0 : 06.0; 51. fl 43.4| 49.7 
6 03.52] 14.1) 31.7] 56.3 : C6.7} 52. : 45.0} 51.7 
ALS 03.54; 142) 31.9] 56.6 : 07.4] 53. H 46.6} 53.7 
8 03.56} 14.2). 32:0] 57.0 q 08.1} 54. 4 48.2! 55.7 
9 03.58) 143) 32.2} 57.3 08.9} 55. 4 49.8) 57.7 
18.0 |0 03.60 /0 14.4 |0 32.4/0 57.6]1 30.0|2 00.6|2 56.4 |3 50.3 /4 51.5 |5 59.7 
ee 
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S 1 \ 2 3 4 5 6 7 8 9 10 
18.1° |C° 03.62’|0° 14.5’|0° 32.6’/0° 57.9’|1° 36.57}2° 10.3’13° 57.3’/4° 51.6’/5° 53.116° 01.7! 
2 03.64) 14.6) 32.8; 582} 31.0) 11.0) 583] 529] 54.7] 03.7 
3 03.66} 14.6) 32.9) 586) 31.5) 11.7) 59.3} 542) 56.3) 05.7 
4 03.68) 14.7; 33.1) 589] 32.0] 12.513 00.3] 55.4] 57.9] 07.7 
5 03.70} 14.8] 33.3] 59.2] 32.5] 13.2] 013] 56.7/ 59.5) 09.7 
6 03.72) 14.9] 33.5] 59.5] 33.0) 13.9) 02.2] 58.0|5 01.2) 11.7 
et 03.74] 15.0] 33.7} 59.8] 33.5] 14.6] 03.2) 59.3] 02.8] 13.7 
8 03.76} 15.0} 33.8/1 00.2} 34.0) 15.3) 04.2/4 00.6] 04.4] 15.7 
9 03.78) 15.1) 34.0] 00.5] 34.5) 16.1] 05.2) 01.8] 06.0] 17.7 
19.0 0 03.800 15.2 |0 34.2/1 60.8|1 35.C 2 16.8/3 06.2/4 03.1|5 07.6\6 19.7 
oh 03.82} 15.3) 344) O11{ 35.5) 175] O71) 04.4) 09.2) 21.7 
2 0384] 15.4] 34.6) 014; 36.0} 182] 081) 05.7] 109] 23.7 
3 03.86| 15.4] 34.7) 018] 36.5}; 18.9’ 09.1) 06.9] 12.5] 25.6 
4 C3.88) 15.5} 34.9] 02.1) 37.0) 19.7) 10.1] 082) 14.1] 27.6 
5 03.90} 15.6) 35.1) 024] 37.5) 204] 111] 09.5] 15.7] 29.6 
6 03.92} 15.7} 35.3) 02.7) 38.0) 211] 12.0} 108] 17.3) 31.6 
ah 03.94| 15.8] 35.5) (3.0) 38.5] 21.8] 18.0) 121] 189] 33.6 
8 03.96] 15.8] 35.6) 03.4) 39.0] 22.5] 14.0) 133) 20.6] 35.6 
2 03.98| 159] 35.8] 03.7] 39.5] 23.8] 15.0) 146] 22.2] 37.6 
20.0 |G 04.000 16.0/0 36.0|1 04.0/1 40.02 24.013 16.0/4 15.9/5 22.8] 39.6 
2 04.04) 416.2) 36.4] 046) 41.0) 25.4) 179] 185] 27.0] 43.6 
4 04.08} 16.3! 386.7) 05.3) 42.0} 269; 19.9] 21.0) 363] 47.6 
6 04.12) 16.5) 37.1) 05.9] 43.0) 283) 21.8) 23.6] 33.5] 51.6 
8 04.16} 16.6! 37.4) 06.6) 440] 29.7) 23.8) 26.1] 36.7| 55.6 
21.0 |0 04.20 /0 16.8|0 37.8\1 07.2 |1 45.0 |2 31.2 |3 25.8)4 28.7)/5 40.0|6 59.5 
2 04.24) 17.0) 38.2) 07.8) 46.0) 32.6) 27.7) 31.2] 43.2/7 03.5 
4 04.28) 17.1) 38.5) 08.5) 47.0) 341] 29.7) 33.8] 464] 075 
6 04.32) 17.3] 38.9) 09.1) 48.0) 35.5] 31.6] 364) 49.7} 11.5 
8 04.36) 17.4) 389.2) 09.8) 49.0) 287.0) 33.6) 3889] 52.9] 155 
22.0 10 04.400 17.6 0 39.6)1 10.4 |1 50.0|2 38.4 |3 35.5 |4 41.5/5 56:1/7 19.5 
2 04.44) 17.8} 40.0) 11.0) 51.0} 39.8) 37.5) 44.0] 59.3} 23.5 
4 0448) 17.9} 403] 11.7) 52.0) 41.3) 39.5) 46.6/6 02.6] 27.5 
6 04.52} 18.1) 40.7) 12.3) 58.0) 42.7) 41.4) 49.1] 05.8] 31.4 
8 04.56| 18.2) 41.0) 138.0) 54.0] 442) 43.4] 51.7) 09.0] 35.4 
23.0 |0 04.60/0 18.40 41.4/1 13.6 |1 55.0)2 45.6 (3 45.314 54.216 12.3/7 39.4 
2 04.64) 186) 41-8) 142! 56.0) 47.0} 47.3) 568] 15.5] 434 
4 04.68) 18.7) 42.1) 149] 57.0) 485] 49.2) 59.4) 18.7] 47.4 
6 04.72} 18.9] 42.5) 15.5) 580) 49.9) 51.215 01.9] 22.0] 51.4 
8 64.76| 19.0) 42.8|) 16.2) 59.0) 51.4] 58.2) 04.5} 25.2] 55.3 
24.0 [0 04.80 /0 19.2|0 43.2|1 16.8 /2 00.0/2 52.8:3 55.1 /5 07.0/6 28.4|7 59.3 
2 04.84) 19.4) 436) 17.4) O10) 542) 57.1] 09.6] 81.7/8 03.2 
4 04.88) 19.5] 439} 181] 02.0; 55.7} 59.0] 121) 3849] 07.3 
6 04.92} 19.7} 443) 18.7) C3.0] 57.1 /4 01.0) 14.7) 381] 112 
8 04.96] 19.8) 446} 19.4) 04.0}; 586) 03.0] 17.2) 413] 153 
25.0 |0 05.00/0 20.0/0 45.G|1 20.0)/2 05.0|3 00.0 /4 04.9 |5 19.86 44.6/8 19.2 
2 05.04) 20.2) 45.4) 206) 06.0} O14) 0€9| 22.4) 47.8] 23.2 
4 05.08) 20.8) 45.7) 21.3) 07.0; 02.9} 088] 24.9) 51.0} 27.2 
6 05.12) 20.5) 461) 21.9) 08.0] 043) 108) 27.5) 543) 31.2 
8 05.16; 20.6} 46.4] 22.6) 09.6} 05.8) 12.8); 30.0] 57.5] 35.2 
26:0 |0 05.20|0 20.8\0 46.8)1 23.2 |2 10.0|3 907.2 /4 14.75 32.6/7 00.7 |8 39.1 
2 05.24) 21.0) 47.2) 23.8} 11.0) 086) 16.7) 35.1] 04.0} 48.1 
4 05.28} 21.1] 47.5) 24.5) 12.0, 101) 18.6) 37.7) 07.2) 47.1 
6 05.32} 21.8) 47.9) 25.1) 18.0) 11.5} 26.6) 40.2; 104) 51.1 
8 05.86) 21.4] 48.2) 25.8) 140) 18.0) 22.5) 42.8) 13.7) 55.1 
27.0 {0 05.40/0 21.6|0 48.6)1 26.4/2 15.0/3 14.4/4 24.55 45.4/7 16.9 |8 59.0 
se 05.44| 21.8; 49.0} 27.0; 16.0} 15.8} 26.5) 47.9] 20.1|9 03.0 
A 05.48} 21.9} 49.3) 27.7) 17.0} 173] 28.4) 50.5} 23.3) 07.0 
6 05.52} 22.1} 49.7) 283; 18.0; 18.7} 30.4; 58.0] 26.6} 11.0 
8 05.56| 22.2) 50.0) 29.0) 19.0) 20.1) 32.38] 55.6] 29.8; 149 
28.0 {0 05.60:/0 22.4|0 50.41 29.6 |2 20.0)3 21.54 34.3 /5 58.1|7 33.0/9 18.9 
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S 1 2 3 4 5 6 7 8 9 10 
28.2°|0° 05.64’|0° 22.6’\0° 50.8’|1° 30.2'12° 21.0/3° 23.0’/4° 36.2’/6° 00.7’) 7° 36.3'| 9° 22.9" 
A\ 05.68) 22.7] 511] 30.9] 22.0) 244] 382) 032 39.5 26.9 
| 05.72] 22.9) 51.5] 31.5) 23.0! 25.9) 402] 05.8 42.7 30.9 
8 | 05.76] 23.0) 51.8) 32 24.0] 27:3) 42.1) 08.3 45.9 34.8 
29.010 05.80 |0 23.2 0 52.2 |1 32.8 |2 25.0 |3 28.8 |4 44.1 |6 10.9) 7 49.2) 9 38.8 
2| 05.84) 23.4] 52.6] 33.4] 26.0} 30.2) 46.0) 134 52.4 42.8 
Al 05.88] 28.5) 52.9} 341] 27.0} 31.6) 480) 166 55.6 46.8 
6} 05.92] 23.7) 58.3) 34.7) 28:0] 331) 49.9) 18.6 58.8 50.7 
8 | 05.96} 23.8]) 53.6] 35.4] 29.0) 345) 51.9) 21.1) 8 02.1 54.7 
30.0 |0 06.00 0 24.0 |0 54.0 |1 36.0|2 30.0|3 35.9 |4 53.9 |6 23.7) 8 05.3) 9 58.7 
2| 06.04] 24.2} 544] 3865) 31.0) 37.4] 55.8) 26.2 08.5 |10 02.6 
4} 06.08} 24.3} 54.7{ 37.3) 32.0) 38.8] 57.8) 28.8 AAT 06.6 
6| 06.12) 24.5} 55.1] 37.9) 33.0) 403] 59.7| 3138 15.0 10.6 
8] 06:16] 24.6} 55.4] 386) 34.0) 41.7 /5 01.7, 33.9 18.2 14.6 
810 |0 06.20|0 24.8 |0 55.8 |1 39.2 |2 35.0 |3 43.1 |5 03.6 |6 36.4] 8 21.4/10 18.5 
2| 06.24] 25.0} 56.2] 39.8) 36.0] 44.6) 05.6} 39.0 24.6 22.5 
4) 0628} 25.1} 56.5} 40.5) 37.0} 46.0) 07.5) 41.5 27.9 26.5 
6| 06.32} 25.3) 56.9] 41.1] 38.0) 47.5) 09.5) 44.1 31.1 30.4 
8] 06.36| 25.4] 57.2| 41.8) 39.0) 48.9] 11.5] 46.6 34.3 34.4 
32.0 |0 06.40 |0 25.6 |0 57.6 |1 42.4 /2 40.0 |8 50.8 |5 13.4 6 49.2) 8 37.5 |10 38.4 
2| 06.44] 25.8) 58.0} 43.0) 41.0} 518] 154] 51.7 40.8 42.4 
4/ 06.48] 25.9] 583| 43.7) 42.0) 58.2] 17.3] 543 44.0 46.3 
6| 06.52} 26.1) 58.7) 443) 43.0} 54.7) 193] 56.8 47.2 50.3 
8&| 06.56} 26.2) 59.0) 45.0) 44.0] 561) 21.2) 59.4 50.4 64.3 
83.0 |0 06.60 |0 26.410 59.411 45.6|2 45.03 57.5 |5 23.2 |7 01.9} 8 53.7 |10 58.2 
2| 06.64] 26.6) 59.8] 46.2) 46.0} 59.0) 25.1) 04.5 56.9 |11 02.2 
4{| 06.68} 26.7|1 00.1] 46.9] 47.0/4 004] 27.1| 07.0] 9 001 06.2 
6} 06.72} 26.9} 00.5] 47.5) 48.0) O18} 29.1} 09.6 03.3 10.1 
8} 06.76} 27.0) 00.8] 482) 49.9) 03.3} 31.0} 12.1 06.5 14.1 
34.0 |0 06.800 27.2 |1 01.2 |1 48.8|2 50.0 |4 04.7 |5 33.0 |7 14.7] 9 09.8 }11 181 
2} 06.84] 27.4) 01.6, 49:4) 510} 06.2) 349] 17.2 13.0 22.0 
4} 06.88} 27.5] 019) 50.1} 52.0} 07.6) 36.9) 19.8 16.2 26.0 
6| 06.92) 27.7} 02.3] 50.7) 53.0} 09.0} 388] 22.4 19.4 30.0 
8| 06.96] 27.8) 02.6] 51.4) 54.0} 10.5) 40.8} 24.9 22.7 33.9 
35.0 |0 07.00 |0 28.0 j1 03.0 |1 52.0}2 55.0 |4 11-9 [5 42.8 |7 27.519 25.9|11 37.9 
2| 07.04) 282) 034) 52.6| 56.0} 183) 44.7) 30.0 29.1 41.8 
4| 07.08) 28.3) 03.7) 53.3} 57.0} 148) 46.7) 32.6 32.3 45.8 
6 | 07.12) 28.5) 041) 58.9) 580! 162) 486) 35.1 35.5 49.8 
| 07.16) 286] 044] 546) 59.0) 17.7) 50.6) 37.7 38.8 53.7 
36.0 |0 07.200 28.8 j1 04.8 |1 55.2 |3 00.04 19.15 52.5 /7 40.2] 9 42.0)11 57.7 
2) 07.24| 29.0] 05.2} 55.8) O10] 20.5| 545) 42.8 45.2 |12 01.7 
A) 07.28] 29.1) 05.5} 56.5) 02.0] 22.0} 56.5) 45.3 48.4 05.6 
6| 07.82) 29.3} 05.9] 57.1) 03.0} 23.4] 584] 47.8 51.6 09.6 
8] 07.86) 29.4] 66.2) 57.8} 04.0) 24.8 |6 00.4] 50.4 9 13.5 
37.0 |0 07.40 |0 29.6 {1 06.6 |1 58.4|3 05.0 |4 26.3 16 02.3 |7 52.9) 9 58.1|12 17.5 
2| 07.44) 29.8] 07.0) 59.0] 06.0] 27.7] 043) 55.5 /10 01.3 21.5 
Al 07.48} 29.9] 07.3} 59.7) 07.0) 29.2) 06.2] 58.0 04.5 25.4 
6 | 07.52) 30.1] 07.7 /2 00.3] 08.0] 30.6] 08.2 |8 00.6 07.7 29.4 
8] 07.56] 30.2] 08.0} O10) 09.0) 32.0) 101} 03.1 11.0 33.3 
38.0 |0 07.60 |0 30.4 /1 08.4 |2 01.6 /3 10.0)4 33.5 6 12.1 |8 05.7 |10 14.2 |12 37.3 
2} 07.64] 30.6] 08.8] 02.2} 11.0} 349) 14.0) 08.2 17.4 41.2 
A} 07.68} 30.1} 09.1} 02.9) 12.0) 363) 160) 108 20.6 45.2 
6| 07.72} 30.9} 09.5] 03.5) 13.0] 37.8) 180] 13.3 23.8 49.2 
8} O7.76| 31.0} 09.8} 042| 140) 39.2) 199] 15.9 27.0 53.1 
89.0 |0 07.80 |0 31.2 {1 10.2 |2 04.8|3 15.0|4 40.76 21.9)8 18.4 10 30.2]12 57.1 
2} 07.84] 31.4} 106] 05.4) 16.0] 421) 23.8] 21.0 33.5 |13. 01.0 
A} 07.88{ 31.5] 109} 061] 17.0) 4385) 25.8) 23.5 36.7 05.0 
| 07.92] 31.7} 11.3) 06.7) 18.0) 45.0] 27.7] 26.1 39.9 08.9 
8| 07.96] 31.8] 11.6] 074) 19.0) 464] 29.7) 28.6 43.1 12.9 
40.0 |0 08.00 |0 32.9 |1 12.0 /2 08.0)3 20.04 47.9 6 31.6 |8 31.2 |10 46.3 }13 16.8 

















TABLE XLV.—DEFLECTIONS FOR TEN-CHORD 
TRANSIT AT S 


























SPIRAL. 

8 1 2 3 4 
40.2°/0° 08.04’/0° 32.2’|1° 12.4’|2° 08.6’ 
4° 08.08) 32.3] 12.7) 09.3 
6} 08.12] 32.5} 18.1} :09.9 
8 | 08.16) 32.6) 13.4] 106 
41.0 |0 08.20 /0 32.8 |1 13.8 |2 11.2 
2 | 08.24] 33.0} 142) 118 
A] 08.28]; 33.1) 145] 12.5 
6} 08.32) 33.3) 149) 131 
8} 08.36] 33.4] 15.2] 13.8 
42.0 |0 08.40 |0 33.6 |1 15.6 /2 14.4 
2} 08.44|} 33.8} 16.0} 15.0 
4} 08.48} 33.9] 16:3) 15.7 
6} 08.52] 34.1] 16.7) 163 
8} 08.56| 34.2) 17.0] 17.0 
43.0 |0 08.60 |0 34.4 |1 17.4 |2 17.6 
2} 08.64) 34.6] 17.8] 18.2 
4} 08.68/ 34.7} 181) 18.9 
6} 08.72} 34.9} 18.5) 19.5 
8} 08.76; 35.0} 18.8) 20.2 
44.0 |0 08.80 |0 35.2 |1 19.2 2 20.8 
2| 08.84) 35.4] 19.6] 214 
4} 08.88) 35.5} 19.9] 22.1 
6 | 08.92 | 35.7| 20.3) 22.7 
|. 08.96] . 35.8} 20.6] 23.4 
45.0 |0 09.00 /0 36.0 |1 21.0 |2 24.0 























5 6 7 8 9 
3° 20.9'/4° 49.3'/6° 33.6’/8° 33.7’|10° 49.5’ 
21.9] 50.7; 355] 36.3 52.8 
22.9) 52.2} 37.5] 38.8 56.0 
23.9} 53.6} 39.5} 41.4 59.2 
3 24.914 55.0 |6 41.4/8 43.9 |11 02.4 
25.9} 56.5) 4384] 46.5 05.6 
26.9| 57.9} 45.3} 49.0 08.8 
27.9| 59.4] 47.3] 51.6 12.0 
28.95 00.8; 49.2} 54.1 15.2 
3 29.95 02.2 /6 51.2)/8 56.6 |11 18.4 
30.9] 03.7} 53.1] 59.2 21.7 
31.9} 05.1} 55.1 /9 O1.7 24.9 
32.9) 06.5) 57.0] 043 28.1 
33.9) 08.0] 59.0} 06.8 31.3 
3 34.95 09.4/7 01.0)9 09.4]11 34.5 
35.9] 10.9} 02.9] 11.9 37.7 
36.9} 12.3} 04.9) 14.5 40.9 
37.9] 13.7) 06.8] 17.0 44.1 
38.9} 15.2} 08.8] 19.5 41.4 
3 39.9 |5 16.6 |7 10.7/9 22.1)11 50.6 
40.9} 18.0} 12.7} 24.6 53.8 
41.9) 19.5) 146) 27.2 57.0 
42.9} 20.9} 16.6} 29.7 12 00.2 
43.9| 22.4) 185] 32.3 03.4 
3 44.9|5 23.8|7 20.5|9 34.8)12 06.6 
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TABLE XLVI.—COEFFICIENTS FOR DEFLECTIONS FROM 
LOCAL TANGENT AT ANY POINT 


Deflection Angle 





Transit at Chord-point Number. 


















































Chord-poin lap eye [4] 5] e |r] 8 |e fae 
oT.s. | o| 2| 8| 18] 32| 50| 72| 98 | 128 | 162 | 200 

1 | 1) 0| 5| 141 ev | 44] 65 | 90| 119 | 152 | 189 

2 4l 4] 0} 8] 20| 36{ 56| 80 | 108 | 140 | 176 

3 9/10! 7| 0| 11} 26| 45| 68) 95 | 126 | 161. 
py thx “q6| a8] 16| 10; 0| 14| 32] 54) 80 | 110 | 144 
5 “95 | 28| e7| 22| 13/ 0| 17| 38) 63| 92 | 125° 

6 “3e/ 40; 401 36/ 28| 16) 0| 20} 44| 72 | 104. 

1 “a9 | 54| 55] 52 | 45/ 34| 19| 0| 23/ 50| 81. 

8 et] 70| 721 70| 64| 54| 40| 22| 0| 26| 56 

9 gi | s8| 91| 90| 8 | 76 | 63| 46| 25| 0| 29 

10 8.C. “Yoo | 108 | 112 | 112 | 108 [100 | ss | 72 | 52 | 28 | 0 








366 TABLE XLVII.—CORRECTIONS IN MINUTES 





FOR LARGE DEFLECTIONS 


Eq. (H) i= z + correction 


3 


Number of point from position of transit 














S 5 6 

7° 

8 

9 

10 

ll 

12 

13 

14 

15 

HER ont camanel ketscrits: 
1 Wy Dela acee Cerbeser| ire woe 
SE hints erect iach 8 ore 
OOD Re liaiais © aiacsl ereak cy BD 
COPE seins aca) dtang 
CAVES elec oe proc frou oitade 
ae we Wore actemniles seteete ais 
Os aed Maveceenyslateral Syoieretsteteier 
OA OO eke slaears -00 
20: Mallnrar seer -O1 
26 -02 
27 -02 
28 -03 
29 -04 
30 -05 
31 -06 
32 .07 
33 -08 
34 -09 
35 10 
36 -01 ll 
37 -O1 12 
38 -02 18 
39 -03 15 
40 04 .16 
41 -05 17 
42 -06 19 
43 07 -20 
44 e .09 +22 
45 10 +20 
Ss 5 6 





























8 9 10 Ss 
00 -O1 7° 

-O1 -01 8 

-Ol 02 9 

-02 -03 10 

-03 04 11 

-04 -06 12 

C5 -09 13 

-06 12 14 

-08 15 15 

-04 -10 -19 16 
-05 12 24 17 
07 14 29 18 
-08 17 -34 19 
.10 .20 -40 20 
12 24 AT 21 
13 27 54 22 
15 82 .62 23 
18 -36 70 24 
-20 -41 -79 25 
-22 -4T -88 26 
-25 52 -98 27 
-28 -58 1.69 28 
-31 .64 1.21 29 
34 “1 1.34 30 
37 -78 1.47 31 
-4l -86 1.62 32 
45 94 1.77 33 
-49 1.02 1.93 34 
54 1.11 2.11 35 
-59 1.20 2.29 36 
.64 1.30 2.49 37 
-70 1.41 2.70 38 
76 1.53 2.92 39 
83 1.65 3.15 40 
-90 1.78 3.40 4] 
-98 1.93 3.66 42 
1.06 2.08 3.93 43 
1.15 2.24 4.23 44 
1.25 2.42 4.54 45 
8 9 10 8 





TABLE XLVIII.—SPIRAL PARTS FOR 1° CURVE 367 






































L S Q Dp XY xX C U V 
60 0.3° 30.00 | 0.03 60.00 0.10 6C.C0 40.00 20.00 
80 0.4 40.00 | 0.05 80.00 0.19 80.00 53.33 26.67 

100 0.5 50.00 | 0.07 100.00 0.29 100.00 66.67 33.33 
\20 0.6 60.00 | 0.10 | 120.00} 0.42 | 120.00 | 8c.0G | 4¢.00 
140 0.7 70.00 | 0.14 140.00 0.57 140.00 93.33 46.67 
160 0.8 80.00 | 0.19 160.00 0.74 160.00 | 106.67 53.33 
180 0.9 90.00 | 0.24 180.00 0.94 180.60 | 120.00 60.06 
200 1.0 100.00 | 0.29 199.99 1.16 | 200.00 | 133.34 66.67 
220 11 110.00 | 0.35 | 219.99 | 1.41 | 220.00 | 146.67 | 73.34 
240 1.2 120.00 | 0.42 | 239.99 1.68 | 240.00 | 160.00 80.00 
260 1.3 130.00 | 0.49 | 259 99 1.97 | 259.99 | 173.34 86.67 
230 1.4 140.00 | 0.57 279 .98 2.28 | 279.99 | 186.67 93.34 
390 1.5 149.99 0.65 299.98 2.62 299.99 | 200.01 | 100.01 

20 1.6 159.99 0.74 | 319.98 2.98 | 319.99 | 2138.34 | 106.67 
34 LY 169.99 | 0.84 | 339.97 3.36 | 339.99 | 226.68 | 113.33 
360 1.8 179.99 | 0.94 | 359.97 3.77 | 359.98 | 240.01 | 120.00 
33 1.9 189.99 1.05 | 379.96 4.20 | 379.98 | 253.34 | 126.67 
400 2.0 199.99 1.16 | 399.95 4.65 | 399.98 | 266.68 | 133.35 
420 2.1 209.99 1.28 | 419.94 5.13 | 419.98 | 280.02 | 140.02 
440 222 219.99 1.41 439.94 5.63 | 489.97 | 293.36 | 146.69 
460 2.3 229.99 1.54 | 459.93 6.15 | 459.97 | 306.69 | 153.36 
480 2.4 239.98 1.68 | 479.92 6.70 | 479.96 | 320.03 | 160.03 
000 2:9 249.98 1.82 | 499.91 7.27 | 499.96 | 333.37 | 166.70 














SPIRAL PARTS FOR 1° 30’ CURVE 





















































L S q D DK x C: U V 
60 0.45° | 30.00 | 0.04 60.00 | 0.16 60.00 | 40.00 | 20.00 
80 0.60 40.00 | 0.07 80.00 | 0.28 80.00 | 53.33 | 26.67 
100 0.75 50.00 | 0.11 | 100.00 | 0.44 | 100.00 | 66.67 | 33.33 
120 0.90 60.00 ; 0.16 | 120.00 | C.63 | 120.00 | 80.00 | 40.00 
140 1.05 70.00 | 0.21 | 140.00 | 0.86 | 140.00 | 93.33 | 46.67 
160 1.20 80.00 | 0.28 | 159.99 | 1.12 | 160.00 | 106.67 | 53.33 
180 1.35 90.00 | 0.35 | 179.99 | 1.41 | 180.00 | 120.00 | 60.00 
200 1.50 99.99 | 0.44 | 199.99 | 1.75 | 199.99 | 183.34 | €6.67 
220 1.65 | 109.99} v.53 | 219.98 | 2.11 | 219.99 | 146.67 | 73.34 
240 1.80 | 119.99 | 0.63 | 239.98 | 2.51 | 239.99 | 160.01 | 80.61 
260 1.95 | 129.99 | 0.74 | 259.97 | 2.95 | 259.99 | 173.35 | 86.68 
230 2.10 | 139.99 | 0.86 | 279.96 | 3.42 | 279.98 | 186.68 | 93.35 
300 2.25 | 149.99 | 0.98 | 299.95 | 3.93 | 299.98 | 200.01 | 100.01 
320 2.40 | 159.99 | 1.12 | 319.94 | 4.47 | 319.98 | 213.35 | 106.68 
340 2.55 | 169.98 | 1.26 | 389.93 | 5.04 | 339.97 | 226.69 | 113.35 
360 2.70 | 179.98 | 1.41 | 359.92 | 5.65 | 359.97 | 240.03 | 120.03 
380 2.85 | 189.98 | 1.58 | 379.91 | 6.30 | 379.96 | 253.37 | 126.70 
400 3.00 | 199.98 | 1.75 | 399.89 | 6.98 | 399.95 | 266.71 | 133.37 
420 3.15 | 209.97 | 1.92 | 419.87 | 7.70 | 419.94 | 280.04 | 140.04 
440 3.30 | 219.97 | 2.11 | 489.88 | 8.45 | 439.94 | 293.38 | 146.71 
460 3.45 | 229.97 | 2.381 | 459.83 | 9.23 | 459.93 | 306.72 | 153.39 
480 3.60 | 239.96 | 2.51 | 479.81 | 10.05 | 479.92 | 320.07 | 169.06 
500 3.75 | 249.96 | 2.73 | 499.79 | 10.90 | 499.91 | 333.41 | 164.74 








368 TABLE XLVIII.—SPIRAL PARTS FOR 2° CURVE 


















































L Ss q ? M% Xx Cc U V 
60 0.6° 30.00 | 0.05 6C.00 | G.21 60.00 40.00 | 20.00 
80 6.8 40.00 | 0:09 80.06 0.37 80.00 53-33 | 26.67 
100 1.0 50.00} 0.15 | 00.00 | 0.58 | 100.00 66.67 | 33.33 
120 1.2 60.00 | 0.21 | 119.99 0.84 | 120.60 80.00 | 40.00 
140 1.4 70.00 | 0.29 | 189.99 1.14 | 140.00 93.33 | 46.67 
160 1.6 79.99 | 0.37 | 159.99 1.49 | 159.99 | 106.67 | 53.33 
180 1.8 89.99 | 0.47 | 179.98 1.88 | 179.99 | 120.00 | 60.00 
200 2.0 99.99 | 0.58 | 199.98 | 2.33 | 199.99 | 133.34 | 66.67 
220 2.2 109.99 | 0.70 | 219.97 | 2.82 | 219.99 | 146.67 | 78.34 
240 2.4 119.99 | 0.84 | 239.96 | 3.35. | 239.98 | 160.01 | 80.01 
2€0 2.6 129.98 | 0.98 | 259.95 | 3.93 | 259.98 | 173.35 | 86.68 
280 2.8 139.98 | 1.14 | 279.93 | 4.56 | 279.97 | 186.69 | 938.35 
300 3.0 149.98 | 1.31 | 299.92 | 5.24 | 299.96 | 200.03 | 100.02 
220 3.2 159.98 | 1.49 | 319.90 | 5.96 | 319.96 | 213.36 | 106.69 
340 3.4 169.97 | 1.68 | 339.88 | 6.72 | 339.95 | 226.70 | 113.36 
360 3.6 179.97 | 1.88 | 359.86 | 7.54 | 349.94 | 240.04 | 120.03 
380 3.8 189.96 | 2.10 | 379.83 | 8.40 | 379.93 | 253.38 | 126.71 
400 4.0 199.96 | 2.33 | 399.81 | 9.31 | 399.91 | 266.72 | 138.39 
420 4.2 209.95 | 2.56 | 419.78 | 10.26 | 419.90 | 280.07 | 140.07 
440 4.4 219.95 | 2.81 | 439.74 | 11.26 | 439.89 | 293.42 | 146.75 
460 4.6 229.94 | 3.08 | 459.71 | 12.81 | 459.87 | 306.77 | 153.43 
480 4.8 239.93 | 3.35 | 479.66} 13.40 | 479.85 | 320.12 | 160.11 
500 5.0 249.93 | 3.63 | 499.62 | 14.54 | 499.83 | 333.47 | 166.79 
























































L S q ? F; x Cc U Vv 

60 0.75° | 80.00 | 0.07 60.00 | 0.26 60.00 | 40.00 | 20.00 

80 1.00 40.00 | 0.12 80.00 | 0.47 80.00 | 53.33 | 26.67 
100 1.25 50.00 | 0.18 | 100.00 | 0.73) | 100.00 | 66.67 | 33.33 
120 1.50 59.99 | 0.26 | 119.99 | 1.05 | 120.00 | 80.00 | 40.00 
140 1.75 69.99 | 0.36 | 139.99 | 1.43 | 189.99 | 93.33 | 46.67 
160 2.00 79.99 | 0.47 | 159.98 | 1.86 | 159.99 | 106.67 | 53.34 
180 2.25 89.99 | 0.59 | 179.97 | 2.36 | 179.99 | 120.01 | 60.00 
200 2.50 99.99 | 0.73 | 199.96 | 2.91 | 199.98 | 133.35 | 66.68 
220 2.75 | 109.98 | 0.88 | 219.95 | 3.52) | 219.98 | 146.68 | 73.35 
240 3.00 | 119.98 | 1.05 | 289.93 | 4.19 | 229.97 | 100.02 | 90.02 
260 8.25 | 129.98.) 1.23 | 259.92 | 4.91” | 259.96 | 173.36 | 96.69 
280 8.50 | 139.97 | 1.42 | 279.90 | 5.70 | 279.95 | 186.70 | 93.37 
300 8.75 | 149.97 | 1.64 | 299.87-| 6.54 | 299.94 | 200.05 | 100.04 
320 4.00 | 159.96 | 1.86 | 319.84 | 7.44 | 319.93 | 213.39 | 106.72 
340 4.25 | 169.96 | 2.10 | 339.81] 8.40 | 339.92 | 228.73 | 113.40 
360 4.50 | 179.95 | 2.36 | 359.78 | 9.42 | 359.90 | 249.08 | 120.07 
380 4.75 | 189.94 | 2.62 | 379.74 | 10.50 | 379.89 | 253.42 | 126.75 
400 5.00 | 199.93.) 2.91 | 399.70 | 11-63 | 399.87 | 266.77 | 133.43 
420 5.25 | 209.93 | 3.21 | 419.65 | 12.82 | 419.85 | 290.12 | 140.11 
440 5.50 | 219.92 | 3.52 | 439.60 | 14.07 | 439.82 | 293.48 | 146.80 
460 5.75 | 229.91 | 3.84 | 459.54 | 15.388 | 459.80 | 306.84 | 153.49 
480 6:00 | 239.90 | 4.19! | 479.48 | 16.74 | 479.77 | 320.19 | 160.17 
500 6.25 | 249.88 | 4.54’ | 499.41 | 18.17 | 499.74 | 333.54 | 166.86 
—_.keA eee 








TABLE XLVIII.—SPIRAL PARTS FOR 3° cuURVE 369 















































L Ss q ) 4 x C. U V 
60 0.9° 30.00 | 0.08 60.00 0.31 60.00 40.00 20.00 
80 be 39.99 | 0.14 80.00 0.56 80.00 53.33 26.67 
100 16 49.99 | 0.22 99.99 0.87 100.00 66.67 33.34 
120 1.8 59.99 | 0.31 | 119.99 | 1.26. | 119.99 | 80.00 | 40.00 
140 2:1 69.99 | 0.48 139.98 141 139.99 93.34 46.67 
160 2.4 79.99 0.56 159.97 2.23 159.99 | 106.68 53.34 
180 2.7 89.98 | O.71 179.96 2.83 179.98 | 120.01 60.01 
200 3.0 99.98 | 0.87 199.95 3.49 199.98 | 183.35 66.68 
220 3.3 109.98 1.06 | 219.93 4.22. | 219.97 | 146.69 73.35 
240 3.6 119.97 1.26 | 239.91 5-03 | 239.96 | 160.03 80.03 
260 3.9 129.97 1.47 | 259.88 5.90 | 259.95 | 173.38 86.71 
280 4.2 139.96 1.71 279.85 6.84 | 279.93 | 186.72 93.38 
4.5 149.95 1.96 | 299.82 7.85 | 299.92 | 200.07 | 100.06 
320 4.8 159.95 | 2.238 | 319.78 8.93 | 319.90 | 218.41 | 106.74 
340 ipa 169.94 | 2.52 | 339.73 | 10.08 | 839.88 | 226.76 | 113.41 
360 5.4 179.93 | 2.83 | 359.68 | 11.30 | 359.86 | 240.11 | 120.09 
880 D7, 189.92 | 3.15 | 379.63 | 12.59 | 879.84 | 253.47 | 126.77 
400 6.0 199.91 3.49 | 399.56 | 13.95 | 399.81 | 266.82 | 133.47 
420 6.3 209.89 | 3.85 | 419.50. 15.388 | 419.78 | 280.18 | 140.16 
440 6.6 219.88 | 4.22 | 439.42 | 16.88 | 439.74 | 293.54 | 146.85 
460 6.9 229.87 | 4.61 | 459.34 | 18.45 | 459.71 | 306.90 | 153.55 
480 (@4 239.85 | 5.02 | 479.25 | 20.08 | 479.67 | 320.27 | 160.24 
500 7.5 249.83 | 5.45 | 499.15 | 21.79 | 499.62 | 333.64 | 166.94 











SPIRAL PARTS FOR 3° 30’ CURVE 


























459.10 | 21.51 | 459.60 | 306.98 | 153.63 
478.98 | 28.42 | 479.55 | 320.36 | 160.33 
498,84 | 25.41 | 499.49 | 333.74 | 187.04 








L S q p ye x Cr U V 
60 1.05 30.00 | 0.09 60.00 0.37 60.00 40.00 20.00 
80 1.40 39.99 | 0.16 80.00 0.65 80.00 53.33 26.67 

100 1.75 49.99 | 0.25 99.99 1.02 100.00 66.67 33.34 
120 2.10 59.99 | 0.37 119.98 1.47 119.99 80.01 40.01 
140 2.45 69.99 | 0.50 139.97 2.00 139.99 93.35 46.68 
160 2.80 79.98 | 0.65 159.96 2.61 159.98 | 106.68 53.35 
180 3.15 89.98 | 0.82 179.95 3.30 179.98 | 120.02 60.02 
200 3.50 99.97 1.02 199.93 4.07 199.97 | 183.36 66.69 
220 3.85 109.97 1.23 | 219.90 4.93 | 219.96 | 146.70 73.36 
240 4.20 119.96 | 1.47 | 239.87 5.86 239.94 | 160.05 80.04 
260 4.55 129.95 1.72 259.84 6.88 259.93 | 173.40 86.72 
280 4,90 139.95 1.99 279.80 7.98 | 279.91 | 186.75 93.40 
300 5.25 149.94 | 2.29 299.75 9.16 | 299.89 | 200.10 | 100.08 
320 5.60 159.93 | 2.60 | 319.70 | 10.42 | 319.87 | 213.44 | 106.76 
340 5.95 169.92 | 2.94 | 339.64 | 11.76 | 339.84 | 226.79 | 113.44 
360 6.30 179.90 | 3.80 /.359.57 | 18.18 .| 359.81 | 240.15 | 120.14 
380 6.65 189.89 | 3.67 | 379.49 | 14.69 379.78 | 253.51 | 126.83 
A00 7.00 | 199.87 | 4.07 | 3899.41] 16.27 -| 399.74 | 266.88 | 133.52 
420 7.35 | 209.86 | 4.49 | 419:3L | 17.94 «| 419.70 | 280.25 | 140.22 
440 7.70. | 219.84 | 4.92 439.21 | 19.69 | 439.65 | 293.61 | 146.92 

8.05 5.38 

8.40, 5.86 

8.75 6.36 


370 TABLE XLVIII.—SPIRAL PARTS FOR 4° CURVE 












































L S q D Y: x C U Vy 
60 ey 29.99 | 0.10 60.00 | 0.42 60.00 ; 40.00 | 20.00 
80 1.6 39.u9 | 0.19 79.99 | 0.74 80.00 | 53.33 | 26.67 
100 2.0 49.99 | 0.29 |y 99.99 | 1.16 99.99 | 66.67 | 33.34 
120 2.4 59.98 | 0.42 | 119.98 | 1.68 | 119.99 | 80.00 | 40.01 
140 2.8 69.98 | 0.57 | 189.97 | 2.28 | 189.99 | 93.34 | 46.68 
169 3.2 79.98 | 0.74 | 159.95 | 2.98 | 159.98 | 106.68 | 53.35 
180 3.6 89.97 | 0.94 | 179.93 | 3.27 | 179.97 | 120.02 | 60.02 
200 4.0 99.96 | 1.16 | 199.90 | 4.65 | 199.96 | 133.37 | 66.69 
220 4.4 109.96 | 1.41 | 219.87 | 5.63 | 219.94 | 146.71 | 73.36 
240 4.8 119.95 | 1.67 | 239.83 | 6.70 | 239.93 | 160.05 | 80.05 
260 5.2 129.94 | 1.96 | 259.79 | 7.86 | 259.91 | 173.41 | 86.74 
280 5.6 139.93 | 2.28 | 279.73 | 9.12 | 279.88 | 186.76 | 93.42 
300 6.0 149.92 | 2.62 | £99.67 | 10.46 | 299.86 | 200.12 | 100.11 
320 6.4 159.90 | 2.98 | 319.60 | 11.90 | 319.82 | 213.47 | 106.79 
340 6.8 169.89 | 3.36 | 339.52 | 138.44 | 339.79 | 226.83 | 113.48 
360 7.2 179.87 | 3.77 | 359.44 | 15.06 | 359.75 | 240.20 | 120.18 
380 7.6 189.85} 4.20 | 379.384 | 16.78 | 379.71 | 253.57 | 126.87 
400 8.0 199. 4.65 | 399.23 | 18.59 | 399.66 | 266.94 | 133.58 
420 8.4 209.81 | 5.12 | 419.10 | 20.49 | 419.60 | 280.32 | 140.29 
440 8.8 219.79 | 5.62 | 438.97 | 22.49 | 439.54 | 298.70 | 147.00 
460 9.2 229.76 | 6.15 | 498.82 | 24.58 | 459.48 | 307.08 | 153.71 
480 9.6 239.73 | 6.69 | 478.66 | 26.76 | 479.41 | 320.47 | 160.43 
500 | 10.0 249.70 | 7.26 | 498.49 | 29.03 | 499.33 | 333.87 | 167.16 








SPIRAL PARTS FOR 4° 30’ CURVE 












































L S q v) Y x Cc U V 
60 1.35° 29.99 | 0.12 60.00 0.47 60.00 40.00 20.00 
89 1.80 39.99 | 0.21 79.99 0.84 80.00 53.33 26.67 
100 2.20 49.98 | 0.33 99.98 1.31 99.99 66.67 33.34 
120 2.70 59.98 | 0.47 | 119.97 1.88 | 119.99 80.01 40.01 
140 3.15 69.98 | 0.64 189.96 2.57 139.93 93.35 46.68 
160 3.60 79.97 | 0.84 19.94 3.35 159.97 | 106.69 53.35 
180 4.05 89.96 | 1.06 179.91 4.24 179.96 | 120.03 60.63 
200 4.50 99.95 | 1.81 199.88 5.23 199.95 | 183.38 66.71 
220 4.95 109.95 | 1.58 | 219.84 6.33 | 219.93 | 146.72 73.39 
240 5.40 | 119.93 1.88 | 289.79 7.54. | 239.91 | 160.07 80.07 
260 5.85 | 129.92 | 2.21 | 259-78 8.84 | 259.88 | 178.42 86.75 
280 6.380 | 189.91 | 2.56 | 279.66 | 10.25 279.85 | 186.78 93.44 
300 6.75 149.89 | 2.94 | 299.59 | 11.77 | 299.82 | 200.14 | 100.18 
320 7.20 159.88 | 3.35 | 319.50 | 13.39 | 319.78 | 218.51 | 106.83 
340 7.65 169.86 | 3.78 | 339.40 | 15.11 339.73 | 226.88 | 113.53 
360 8.10 | 179.84 | 4.23 | 359 16.94 | 359.68 | 240.25 | 120.238 
380 8.55 189.81 4.12 | 379.16 | 18.87 | 379.63 | 253.63 | 126.94 
400 9.00 | 199.79 | 5.28 | 899.02 | 20.91 | 899.57 | 267.01 | 188.65 
420 9.45 | 209.76 |} 5.76 | 418.87 | 23.05 | 419.50 | 280.40 | 140.37 
440 9.90 | 219.73 | 6.382 | 488.70 | 25.29 | 439.42 | 2938.80 | 147.09 
460 | 10.35 | 229.70 | 6.91 458.51 | 27.63 | 459.34 | 307.20 | 153.8) 
480 | 10.80 | 239.66 | 7.53 | 478.31 | 30.08 | 479.25 | 320.60 | 160.55 
11.25 | 249.63 | 8.17 | 498.09 | 32.64 | 499.15 | 334.01 | 167.29 























TABLE XLVIII.—SPIRAL PARTS FOR 5° cuRVE 371 































































































L S q ) V6 xX Cc U V 
60 1.5° 29.99 | 0.13 60.00 | 0.52 60.00 | 40.00 | 20.00 
80 2.0 39.99 | 0.23 79.99 | 0.93 80.00 | 58.83 | 26.67 
100 2.5 49.98 | 0.36 99.98 | 1.45 99.99 | 66.67 | 33.34 
120 3.0 59.98 | 0.52 | 119.97 | 2.09 | 119.99 | 90.00 40.01 
140 3.5 69.97 | 0.71 | 139.95 | 2.85 | 139.98 | 93.35 | 46.68 
160 4.0 79.96 | 0.93 | 159.92 | 3.72 | 159.97 | 106.69 | 53.36 
180 4.5 89.95 | 1.18 | 179.89 | 4.71 | 179.95 | 120.03 | 60.04 
200 5.0 99.94 | 1.45 | 199.85 | 5.81 | 199.93 | 133.39 | 66.72 
220 5.5 109.93 | 1.76 | 219.80 | 7.03 | 219.91 | 146.74 | 73.39 
240 6.0 119.92 | 2.09 | 239.74 | 8.37 | 239.88 | 160.09 | 90.08 
260 6.5 129.90 | 2.45 | 259.67 | 9.82 | 259.85 | 173.45 | 96.77 
280 7.0 139.89 | 2.85 | 279.58 | 11.39 | 279.82 | 186.81 | 93.46 
300 {fees} 149.87 | 3.27 | 299.49 | 13.07 | 299.77 | 200.18 | 100.16 
320 8.0 159 85 | 3.72 | 319.38 | 14.87 | 319.73 | 213.55 | 106.86 
340 8.5 169.83 | 4.20 | 339.26 | 16.79 | 339.67 | 226.93 | 113.57 
360 9.0 179.80 | 4.70 | 359.12 | 18.82 | 359.61 | 240.31 | 120.29 
380 9.5 189.77 | 5.24 | 378.96 | 20.96 | 379.54 | 253.70 | 127.01 
400 | 10.0 199.74 | 5.81 | 398.79 | 23.22 | 399.47 | 267.10 | 133.73 
SPIRAL PARTS FOR 6° CURVE 
L S q Dp ¥; Xs ¢ U V 
60 1.8° 29:99 | 0.16 59.99 | 0.63 60.00 | 40.00 | 20.00 
80 2.4 39.98 | 0.28 79.99 | 1.12 79:99") 53.33.) 26.67 
100 3.0 49.97 | 0.44 99.97 | 1.74 99.99 | 66.67 | 33.34 
120 3.6 59.96 | 0.63 | 119.95 | 2.51 | 119.98 | 80.00 | 40.01 
140 4.2 69.96 | 0.85 | 189.93 | 3.42 | 139.97 | 93.35 | 46.68 
160 4.8 79.95 | 1.12 | 159.89 | 4.47 | 159.95 | 106.70 | 53.36 
180 5.4 89.93 | 1.41 | 179.84] 5.65 | 179.93 | 120.05 | 60.05 
200 6.0 99.92 | 1.74 | 199.78 | 6.98 | 199.90 | 133.41 | 66.74 
220 6.6 109.90 | 2.11 | 219.71 | 8.44 | 219.87 | 146.77 | 173.43 
240 Wao 119.88 | 2.51 | 239.62 | 10.04 | 239.83 | 160.13 | 30.12 
260 7.8 129.86 | 2.94 | 259.52 | 11.78 | 259.79 | 173.50 | 86.82 
280 8.4 139.84 | 3.41 | 279.40 | 13.66 | 279.74 | 186.87 | 93.52 
300 9.0 149.81 | 3.92 | 299.26 | 15.68 | 299.68 | 200.26 | 100.24 
320 9.6 159.78 | 4.46 | 319.11 | 17.84 | 319.61 | 213.65 | 106.96 
340 | 10.2 169.75 | 5.03 | 338.93 | 20.13 | 339.53 | 227.05 | 113.68 
360 | 10.8 179.71 | 5.64 | 358.73 | 22.56 | 359.44 | 240.45 | 120.41 
380 | 11.4 189.67 | 6.28 / 378.51 | 25.13 | 379.34 | 253.87 | 127.15 
400 | 12.0 199.63 | 6.96 | 398.26 | 27.84 | 399.23 | 267.29 | 133.90 
SPIRAL PARTS FOR 7° CURVE 

L S q D Ve x C U V 
60 QUT 29.98 | 0.18 69.99 | 0.73 60.00 | 40.00 | 20.00 
80 2.8 39.97 | 0.33 79.98 | 1.30 79.99 | 53.34 | 26.67 
100 3.5 49.96 | 0.51 99.96 | 2.64 99.98 | 66.68 | 33.35 
120 4.2 59.95 | 0.73 | 119.94 | 2.93 | 119.97 | 80.01 | 40.02 
140 4.9 69.94 | 1.00 | 139.90 | 3.99 | 139.96 | 93.37 | 46.70 
160 5.6 79.93 | 1.30 | 159.85 | 5.21 | 159.93 | 106.72 | 53.38 
180 6.3 89.91 | 1.65 | 179.78 | 6.59 | 179.90 | 120.06 | 60.06 
200 7.0 99.89 | 2.03 | 199.70 | 8.14 | 199.87 | 133.44 | 66.75 
20 a, 109.87 | 2.46 | 219.61 | 9.84 | 219.83 | 146.81 | 73.45 
240 8.4 119.84 | 2.92 | 239.49 | 11.71 | 239.77 | 160.18 | 980.17 
260 9.1 129.81 | 3.43 | 259.35 | 18.74 | 259.71, | 173.56 | 86.88 
280 9.8 189.78 | 3.98 | 279.19 | 15.93 | 279.64 | 186.95 | 93.59 
300 | 10.5 149.74 | 4.57 | 299.00 | 18.28 | 299.56 | 200.36 | 100.32 
320 | 11.2 159.70 | 5.20 | 318.79 | 20.79 | 319.46 | 213.76 | 107.05 
340 | 11.9 169.66 | 5.87 | 338.54 | 23.47 | 339.36 | 227.18 | 113.80 
360 | 12.6 179.61 | 6.57 | 358.27 | 26.30 | 359.24.| 240.61 | 120.56 
380 | 13.3 189.55 | 7.32 | 3877.97: | 29.29 °| 379.10 | 254.05 | 127.33 
400 | 14.0 | 199-49 | 8.12 | 399.63 | 32.44 | 398.95 | 267.51 | 134.10 











372. TABLE XLVIII.—SPIRAL PARTS FOR 8° CURVE 
































L S Mle tq D Y: x Cc U V 
60 2.4° 29.97 | 0.21 59.99 | 0.84 60.00 40.00 20.00 
80 3.2 39.96 | 0.37 79.98 1.49 79.99 53.34 26.67 
100 4.9 49.95 | 0.57 99.95 | 2.33 99.98 | 66.68 | 33.35 
120 4.8 59.94 | 0.84 | 119.92 | 3.35 |:119.96 | 80.01 | 40.02 
140 5.6 69.92 1.14 9.87 | 4.56 | 139.94 93.38 4% 71 
160 6.4 79.90 | 1.49 159.80 | 5.95 159.91 | 106.74 53.40 
180 7.2 89.88 | 1.88 | 179.72 | 7.53 179.88 | 120.10 60.09 
200 8.0 99.86 | 2.32 | 199.61 | 9.30 199.88 | 183.47 66.79 
220 8.8 109.83 | 2.81 | 219.48 | 11.24 | 219.77 | 146.85 | 73.50 
240 9.6 119.29 | 3.34 | 239.33 | 13.38 | 239.70 | 160.24 80.22 
260 | 10.4 129.76 | 3.92 | 259.15 | 15.69 | 259.62 | 173.64 86.94 
280 11.2 139.71 | 4.54 | 278.94 | 18.20 279.53 | 187.04 93.67 
300 | 12.0 149.67 | 5.22 | 298.69 | 20.88 | 299.42 | 200.46 100.42 
320 | 12.8 159.61 | 5.98 | 318.42 | 23.75 ' | 319.30 | 213.89 | 107.17 
340 «| 13.6 169.55 | 6.70 | 338.10 | 26.79 | 339.16 | 227.34 | 113.95 
360 | 14.4 179.49 | 7.51 | 357.75 | 30.03 | 359.00 | 240.81 | 120.73 
380. | 15.2 189.42 | 8.36 | 377.35 | 33.44 378.83 | 254.28 | 127.53 
400 16.0 199.34 | 9.27 | 396.91 | 37.03 398.63 | 267.77 | 134.34 





SPIRAL PARTS FOR 9° CURVE 



















































































iy) 18 q D Y 5 a U Vv 
60 | 2.7° | 29.97] 0.23 | 59.99 | 0.94 | 59.99 | 40.01 | 20.00 
go | 3.6 | 39.95| 0.42 | 79.97] 1.68 | 79.99 | 53.34 | 26.68 

100 | 45. | 49.94] 0.65 | 99.94 | 2.62 | 99.97 | 66.69 | 33.35 
10 | 5.4 | 59.92] 0.94 | 119.89 | 3.77 | 119.95 | 80.02 | 40.03 
vo | 63 | 69.90 | 1.28 | 139.83 | 5.13 | 139.93 | 93.39 | 46.72 
ico | 7.2 | 79.88 | 1.67 | 159.75 | 6.69 | 159.89 | 106.76 | 53.41 
10 | 8.1 | 89.85 | 2.11 | 179.64 | 8.47 | 179.84 | 120.13 | 60.10 
200 | 9.0 | 99.82) 2.61 | 199-51 | 10.45 | 199.78 | 133.51 | 66.81 
220 | 9.9 | 109.78 | 3.16 | 219.35 | 12.64 | 219.71 | 146.90 | 73.53 
240 110.8 | 119.74 | 3.75 | 239.15 | 15.04 | 239.63 | 160.30 | 80.27 
260 | 11.7 | 129.69 | 4.40 | 258.92 | 17.65 | 259.52 | 173.72 | 87.02 
230 | 12.6 | 139.64 | 5.11 | 278.66 | 20.46 | 279.41 | 187.14 | 93.77 
300 | 13.5 | 149.58 | 5.86 | 298.35 | 23.47. | 299.27 | 200.59 | 100.54 
320 | 14.4 | 159.51 | 6.67 | 318.00 | 26.69 | 319.11 | 214.05 | 107.31 
340 | 15.3 | 169.44 | 7.53. | 337-60 | 30.11 | 338.94 | 227.53 | 114.11 
360 | 16.2 | 179.35 | 8.43. | 357-15 |.33.74 | 358.74 | 241.02 | 120.95 
380 | 17.1 | 199.26 | 9.39 | 376.66 | 37.57 | 378.52 | 254.53 | 127.77 
400 | 18.0 | 199.16 | 10.41 | 396.09 | 41.60 | 398.27 | 268.07 | 134.61 

SPIRAL PARTS FOR 10° CURVE 

EES q D Y X C U V 

60 | 3.0° | 29.96 | 0.26 | 59.98} 1.05 | 59.99] 40.01 | 20.01 

go | 4.0 | 39.94] 0.46 | 79.96 | 1.86 | 79.98 | 53.35 | 26.68 
100 | 5.0 | 49.92| 0.72 | 99.92 | 2.91 | 99.97 | 66.69 | 33.36 
120 | 6.0 | 59.90) 1.04 | 119.87} 4.19 | 119.94 | 80.03 | 40.04 
140 | 7.0 | 69.88| 1.42 | 139.79} 5.70 | 139.91 | 93.41 | 46.73 
160 | 8.0 | 79.85| 1.85 | 159.69 | 7.44 | 159.86 | 106.78 | 53.42 
180 | 9.0 | 989.81) 2.35 | 179.56 | 9.41 | 179.81 | 120.15 | 60.18 
200 | 10.0 | 99.78} 2.90 | 199-40 | 11.61 | 199.73 | 133.55 | 66.86 
220 | 11.0 | 109.73 | 3.50 | 219.20 | 14.04 | 219.64 | 146.95 | 73.59 
240 | 12.0 | 119.68} 4.17 | 238.96 | 16.70 | 239.54 | 160.37 | 80.34 
260 | 13.0 | 129.62 | 4.89 | 258.67 | 19.59 | 259.41 | 173.81 | 87.10 
280 | 14.0 | 139.56 | 5.67 | 278-34 | 22.71 | 279.27 | 187.25 | 93.87 
300 | 15.0 | 149.48 | 6.51 | 297.96 | 26.05 | 299.10 | 200.73 | 100.66 
320 | 16.0 | 159.40] 7.40 | 317.58 | 29.62 | 318.91 | 214.22 | 107.46 
340 | 17.0 | 169.31 | 8.35 | 337.04 | 33.42 | 338.69 | 227.73 | 114.30 
360 | 18.0 | 179.20| 9.36 | 356.49 | 37.44 | 358.44 | 241.26 | 121.16 
380 | 19.0 | 199.09 | 10.42 | 375.87 | 41.68 | 378.17 | 254.82 | 128.02 
400 | 20:0 | 198.97 | 11-55 | 395.18 | 46.14 | 397.87 | 268.40 | 134.92 





YABL® XLVII.—SPIRAL PARTS FOR 12° cuRVE 373 




























































































L 8 q Pp be Xx C U 4 
60 3.6° 29.94 | 0.31 59.98 | 1.26 59.99 | 40.01 | 20.01 
80 4.8 39.92 | 0.56 79.94 | 2.23 79.98 | 58.85 | 26.68 
100 6.0 49.89 | 0.87 99.89 | 3.49 95 | 66.70 | 33.37 
120 7.2 59.86 | 1.25 | 119.81 | 5.02 | 119.92 | 80.06 | 40.06 
140 8.4 69.82 | 1.70 | 139.70 | 6.83 | 189.87 | 93.44 | 46.76 
160 9.6 79.78 | 2.22 | 159.55 | 8.92 | 159.80 | 106.83 | 53.48 
180 | 10.8 89.73 | 2.81 | 179.37 | 11.28 | 179.72 | 120.23 | 60.21 
200 | 12.0 99.68 | 3.47 | 199.13 | 13.92 | 199.62 | 183.64 | 66.95 
220 | 13.2 109.61 | 4.19 | 218.84 | 16.83 | 219.49 | 147.08 | 73.71 
240 | 14.4 119.54 | 4.99 | 238.50 | 20.02 | 239.34 | 160.54 | 80.49 
260 | 15.6 129.46 | 5.85 | 259.09 | 23.47 | 259.16 | 174.02 | 87.29 
280 | 16.8 189.26 | 6.79 | 277.62 | 27.20 | 278.94 | 187.53 | 94.12 
300 | 18.0 149.25 | 7.79 | 297.07 | 31.20 | 298.70 | 201.05 | 100.96 
320 | 19.2 159.14 | 8.86 | 316.45 | 35.46 | 318.43 | 214.61 | 107.83 
340 | 20.4 169.00 | 9.99 | 335.74 | 39.99 | 338.11 | 228.21 | 114.73 
360 | 21.6 178.86 | 11.20 | 354.95 | 44.79 | 357.76 | 241.82 | 121.67 
380 | 22.8 188.68 | 12.47 | 374.06 | 49.86 | 377.387 | 255.48 | 128.63 
400 | 24.0 198.52 | 18.81 | 393.08 | 55.16 | 396.93 | 269.18 | 135.62 
SPIRAL PARTS FOR 14° CURVE 
ee EEE lume same 
L 8 q p Y x C U V 
60 4.2° 29.92 | 0.36 59.97 | 1.47 59.99 | 40.01 | 20.01 
80 5.6 39.89 | 0.65 79.92 | 2.60 79.97 | 53.36 | 26.69 
100 7.0 49.85 | 1.01 99.85 | 4.07 99.93 | 66.72 | 33.38] 
120 8.4 59.81 | 1.45 | 119.74 | 5.86 | 119.89 | 80.09 | 40.08 
140 9.8 69.76 | 1.98 | 139.59 | 7.97 | 139.82 | 93.48 | 46.80 
160 | 11.2 79.70 | 2.58 | 159.89 | 10.40 | 159.73 | 106.89 | 58.53 
180 | 12.6 64) 3.27 | 179.14 | 13.15 | 179.62 | 120.31 | 60.28 
200 | 14.0 99.56 | 4.03 | 198.82 | 16.22 | 199.48 | 183.76 | 67.05 
220 | 15.4 109.47 | 4.88 | 218.42 | 19.61 | 219.30 | 147.23 | 73.85 
240 | 16.8 119.37 | 5.80 | 237.96 | 23.32 | 289.10 | 160.73 | 80.67 
260 | 18.2 129.26 | 6.81 | 257.40 | 27.33 | 258. 174.26 | 87.52 
280 | 19.6 139.13 | 7.89 | 276.76 | 31.67 | 278.56 | 187.83 | 94.40 
300 | 21.0 148.99 | 9.06 | 296.02 | 36.31 | 298.24 | 201.44 | 101.31 
820 | 22.4 158.83 | 10.30 | 315.17 | 41.25 | 317.86 | 214.08 | 108.28 
340 | 23.8 168.65 | 11.62, | 334.21 | 46.51 | 337.43 | 228.76 | 115.25 
360 | 25.2 178.45 | 13.02° | 353.13 | 52.06 | 356.95 | 242.50 | 122.28 
880 | 26.6 188.23 | 14.49 | 371.98 | 57.92 | 376.42 | 256.27 | 129.85 
400 | 28.0 197.99 | 16.05 | 390.60 | 64.07 | 395.82 | 270.10 | 136.47, 
SPIRAL PARTS FOR 15° CURVE 
L 8 q Pp ¥ x C U Vv 
60 4.5° 29.91 | 0.39 59.96 | 1.57 59.98 | 40.01 | 20.01 
80 6.0 39.87 | 0.69 79.91 | 2.79 79.96 | 53.36 | 26.69 
100 7.5 49.83 | 1.08 99.83 | 4.36 99.92 | 66.73 | 33.89 
120 9.0 59.78 | 1.56 | 119.71 | 6.27 | 119.87 | 80.11 | 40.10 
140 | 10.5 69.73 | 2.12 | 139.53 | 8.53 | 139.79 | 93.50 | 46.82 
160 | 12.0 79.66 | 2.76 | 159.30 | 11.14 | 159.69 | 106.91 | 53.56 
180 | 13.5 89.58 | 3.50 | 179.01 | 14.08 | 179.56 | 120.35 | 60.32 
200 | 15.0 99.50 | 4.82 | 198.64 | 17.87 | 199.40 | 183.82 | 67.11 
220 | 16.5 109.40} 5.22 | 218.19 | 21.00 | 219.20 | 147.31 | 73.92 
240 | 18.0 119.28 | 6.21 | 237.66 | 24.96 | 238.96 | 160 80.77 
260 | 19.5 129.15 | 7.28 | 257.02 | 29.26 | 258.68 | 174.40 | 87.64 
280 | 21.0 139.00 | 8.44 | 276.28 | 83.89 | 278.35 | 188.01 | 98.56 
800 | 22.5 148.84 | 9.69 | 295.43 | 88.84 | 297.97 | 201.65 | 101.51 
320 | 24.0 158.65 | 11.01 | 314.46 | 44.13 | 817.54 | 215.34 | 108.50 
340 | 25.5 168.45 | 12.42 | 333.36 | 49.74 | 837.05 | 229.08 | 115.54 
360 | 27.0 178.22 | 138. 852.13 | 55.67 | 356.50 | 242.87 | 122.62 
380. | 28.5 187.97 | 15.49 | 370.75 | 61.92 | 375.89 | 256.72 | 120.76 
400 | 30.0 197.69 | 17.15 | 389.28 | 68.48 | 395.21 | 270.63 | 136.95 











374 TABLE XLVIII.—SPIRAL PARTS FOR 16° cuRVE 







































































L S q D ¥ Xx @ U V 

60 4.8° 29.90 | 0.41 59.96 | 1.67 59.98 | 40.01 | 20.01 

80 6.4 89.85 | 0.74 79.90 | 2.98 79.96 53.37 | 26.70 
100 8.0 | 49.81} 1.15 99.81 | 4.65 99.91 66.74 | 33.40 
120 9.6 59.75 | 1.66 | 119.67 | 6.69 | 119.85 80.12 | 40.12 
140 | 11.2 69.69 | 2.26 | 189.47 | 9.10 | 139.77 93.52 | 46.84 
160 | 12.8 79.61 | 2.95 | 159.21 | 11.87 | 159.65 106.95 | 53.59 
180 | 14.4 89.53 | 3.73% | 178.87 | 15.01 179.50 120.40 | 60.37 
.200 | 16.0 99.43 | 4.60 | 198.45 | 18.51 | 199.39 183.89" |} 67.1 
220 | 17.6 109.31 | 5.56 | 217.94 | 22.38 | 219.09 147.40 | 74.01 
240 | 19.2 119.18} 6.61 | 237.33 | 26.60 | 233.39 160.95 | 80.87 
260 | 20.8 129.04 | 7.76 | 256.61 | 31.17 | 258.50 174.55 | 87.78 
280 | 22.4 138.87 | 8.99 | 275.77 | 36.10 | 278.13 188.19 | 94.73 
800 | 24.0 148.68 | 10.31 | 294.81 | 41.37 | 297.70 201.88 | 101.72 
820 | 25.6 158.47 | 11.72 | 313.70 | 46.99 | 317.20 215.62 | 108.76 
340 | 27.2 168.24 | 13.23 | 332.46 | 52.95 | 336.65 229.42 | 115.85 
360 | 28.8 177.98 | 14.81 | 351.06 | 59.25 | 356.02 243.28 | 122.99 
380 | 30.4 187.70 | 16.49 | 369.50 | 65.89 875.49 | 257.21 | 130.20 
400 | 32.0 197.38 | 17.70 | 387.77 | 72.85 | 394. 55 | 271.19 137,47 

SPIRAL PARTS FOR 18° CURVE 

L S q D Vi Mervin Gh U V 

60 | -5:4° 29.87 0.47 59.95 1.88 59.98 40.02 20.02 

80 7.2 39.82 | 0.83 79.87 | 3.35 79.94 | 53.38 it 
100 9.0 49.75 | 1.29 99.75 | 5.23 99.89 66.75 | 33.4 
120 | 10.8 59.68 | 1.86 | 119.58] 7.52 119.81 80.15 | 40.14 
140 | 12.6 69.60 | 2.53 | 139.33 | 10.23 | 139.70 93.57 | 46.88 
160 | 14.4 79.51 | 3.30 | 159.00 | 13.34 159.56 | 107.02 | 53.66 
180 | 16.2 89.40 | 4.18 | 178.57 | 16.87 179.37 | 120.51 | 60.47 
200 | 18.0 99.28 | 5.16 | 198.05 | 20.80 199.14 | 134.03 | 67.31 
220 | 19.8 109.18 | 6.23 | 217.40 | 25.13 218.85 | 147.60 | 74.19 
240 | 21.6 118.97 | 7.41 | 236.63 | 29.96 238.51 | 161.22 | 81.11 
260 | 23.4 128.78 | 8.69 | 255.72 | 34.98 258.10 | 174.88 | 88.08 
280 | 25.2 138.57 | 10.07 | 274.66 | 40.49 277.63 | 188.61 | 95.11 
300 | 27.0 148.34 | 11.55 | 293.44 | 46.39 | 297 09 | 202.39 | 102.19 
320 | 28.8 158.07 | 13.13 | 312.05 | 52.67 316.47 | 216.25 | 109.33 
840 | 30.6 167.78 | 14.81 | 330.48 | 59.32 335.76 | 230.17 | 116.54 
360 | 32.4 177.45 | 16.59 | 348.72 | 66.34 354.97 | 244.18 | 123.9 
880 | 34.2 |. 187.09 | 18.46 366.75 | 73.73 | 374.09 | 258.96 131.17 
400 | 36.0 196.70 | 20.43 | 384.58 | 81.47 393.11 | 272.44 | 138.61 











SPIRAL PARTS FOR 20° CURVE 









































L S q p Vs x Cc U Vv 
60 6.0° 29.84 | 0.52 59.93 | 2.09 58.97 | 40.02 | 20.02 
80 8.0 39.77 | 0.92 79.85 | 3.72 79.93 | 53.39 | 26.72 
100 | 10.0 49.70 | 1.43 99.70 | 5.81 99.87 | 66.77 | 33.43 
120 | 12.0 59.61 | 2.06 | 119.48] 8.35 119.77 | 80.19 | 40.18 
140 | 14.0 69.51 | 2.80 | 139.17 | 11.35 139.63 | 93.63 | 46.93 
160 | 16.0 79.40 | 3.66 | 158.76 | 14.8] 159.45 | 107.11 | 53.74 
180 | 18.0 89.26 | 4.63 | 178.24 | 18.72 179.22 | 120.63 | 60.58 
200 | 20.0 99.11 | 5.71 | 197.59 | 23/07 198.93 | 134.20 | 67.46 
220 | 22.0 108.93 | 6.90 | 216.80 27.87 | 218.58 | 147.82 | 74.39 
240 | 24.0 118.73 | 8.20 | 235.85 | 33.10 238.16 | 161.51 | 81.37 
260 | 26.0 128.50 | 9.62 | 254.73 | 38.76 257.66 | 175.25 | 88.42 
280 | 28.0 188.24 | 11.15 | 273.42 | 44 85 277.08 | 189.07 | 95.53 
300 | 30.0 147.95 | 12.78 | 291.92 | 51. 36 | 296.41 | 202.97 | 102.71 
320 | 32.0 157.63 | 14.52 | 310.21 58.28 | 315.64 | 216.95 | 109.97 
340 | 34.0 167.27 | 16.38 | 328.98 | 65 60 334.77 | 231.02 | 117.32 
360 | 36.0 176.87 | 18.34 | 346.12 | 73°33 353.80 | 245.19 | 124.75 
380 | 38.0 186.43 | 20.40 | 363.71 | 81 44 872.71 | 259.47 | 132.08 
400 | 40.0 139.92 





t 





1195.95 | 22.57 | 381.04 | 89.94 | 391.51 | 273'86 | 190. 
SY 80.04 || 301.51 | 278-86 | 130.92 
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y xX U V p=aL—bD | q=eL—fD 
L L L L a b e f 
' : ; ‘ . 88475 | .01743|.0016 |.49929).0152 | 12. 
(99804) .99557| .07017| .66824|.33477 | .01757|.0016 |.49928) .0153 
99801) .99550! .07075! . 66827] .83479 |.01772|.0016 |.49927) .0154 
543} . -49926) .0156 
; Diss i ; .33484 | 01801} .0017 |.49925) .0157 
“99791| .99528) .07248] . 66835] .33487 |.01815|.0017 |.49923) .0158 
-99788| .99520! .07305| . 66888] .33489 | .01830|.0018 | .49922) .0159 
-99785| .99513!.07363| . 66840] .33492 | .01844|.0018 |.49921).0160 
: 5| .07421} .66843| .33494 |.01859}.0018 |.49920) .0162 
‘99778| .99497| .074'78| 66846) .33497 |.01873) 0018 |.49918).0163 


.99774| .99489) 07536) .66849!.33499 |.01888].0019 |.49917|.0164 | 18. 
.99771| .99481] .07593) . 66852) 83502 | .01902 0019 |.49916} 0165 
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“99719| .99365|.08398) . 66893] .88540 |.02105|.0023 |.49897/ .0183 
“99715| .99356' .08455| . 66897| .88543 |.02119}.0024 |.49896/ .0184 
“Q9711| .99347|.08513 . 66900! 83546 | .02134|.0024 |.49894) .0185 
“99708| .99339) 08570) . 66903).33549 |.02148] .0024 | .49893) .0186 
"99704| .99330|.08627| . 66906] .88552 | .02162|.0025 | .49891) .0188 


.99700| .99321).08685/ .66909].38555 |.02177].0025 |.49890).0189 | 15. 
“99696| .99312|.08742) .66913|.33558 |.02191|.0025 |.49888) .0190 
; : 2) .08799| .66916|.33561 |.02206|.0026 |.49887) .0191 
“99687| .99293| .08857| .66919) .383464 |.02220) 0026 |.49885) .0193 
-99683| .99284) 08914) .66923) .33567 | .02235 0026 |.49884).0194 
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8 Cc Yy xX U V p=aL—hD | q=eL—fD 
L L L L L a b e f 
0° | .99232] .98269].13791] .67294| .38906] .03471).0063 |.49718).0297 | 24.0° 
1 | .99226| .98255}.1384'7) 67300) 33911) 03485) .0064 |.49716].0298 il 
2 | .99219) .98240}. 13903) .67305) .33916 | .03500| .0064 | .49714) .0299 2 
3 | .99218] .98226].18959] .67310| .338921] 03514) .0065 | .49711) .0300 3 
4 | .99206) .98211|.14015) 67316) .33926! .03528)-0065 | 49709] .0302 4 
5 | .99200| .98197|.14071) .67321) .33931 | .03543) .0066 | 49707} .0303 5 
6 | .99193) .98182].14127|.67827] .383936 | .03557| .0066 | .49704| .0304 6 
7 99187| .98167]. 14183] .67332| .383941] .03571) .0067 | .49702).0305 7 
8 99180] .98153]. 14239} .67338| .83946 | .03585) .0067 | .49699| .0306 8 
9 99174| .98138].14295] .67343] .33951 | .03600} .0068 | .49697| .0307 9 
0 99167! .98123].14350| .67349) .38956] .03614/ .0068 | .49695|.0309 | 25.0 
1 99160] .98108}. 14406) .67354|.33961 | .03628} .0069 | .49692) .0310 1 
2 99154) .98093]. 14462) .67360] .33966 | .03643) .0069 | .49690) .0311 2 
3 99147| .98078|.14518| .67365] .33971 | .03657) .0070 | .49687) .0312 3 
4 99140; .98063}. 14574) .67371| .33976 | .03671|.0071 | .49685) .0313 4 
5 99133] .98048} . 14629] .67377| .33981 | .03685) .0071 | .49682) .0314 5 
6 99127) .98033] . 14685] .67382) .33987 | .03700} .0072 | .49680} .0315 6 
uf 99120) .98017]. 14741) .67388] .83992| .03714| .0072 |.49677| .0317 7 
8 99113] .98002|.14797| .67394| .33997 | .03728) .0073° | .49675} .0318 8 
9 99106] .97987|.14852| .67400| .34002 | .03742).0073 | .49672}.0319 9 
0 99099] .97971] . 14908] .67405] .34008 | .03757| .0074 |.49670|.0320 | 26.0 
1 99092] .97956) .14964| .67411) .34013 | .03771) .0074 | .49667| .0321 1 
2 99085) .97940). 15019) .67417| .34018} 03785) .0075 | .49665) .0322 2 
3 99078] .97925).15075) .67423) .34024 | .03800) .0076 | .49662) .0323 3 
4 99971] .97909]. 15131) .67429} .34029 | .03814) .0076 | .49660) .0325 4 
5 99064} .97893]. 15186] .67435| .84035 | .03828) .0077 | .49657| .0326 5 
6 99057) .97878| .15242| 67441) .34040} .03842|.0077 | .49654) .0327 6 
7 99050] .97862).15297| .67447| .34045 | 03857) .0078 | 49652) .0328 i 
8 $9043} .97846) . 15353) .67452| .34051 | .03871|.0078 | 49649) .0329 8 
9 99036] .97830). 15408) .67458} .84056 | .03885).0079 | .49647/ .0330 9 
0 99029) .97814| .15464| .67465) .34062 |.03899| .0080 |.49644).0831 | 27.0 
1 99022) .97798|.15519] .67471) .34067 | 03913] .0080 |.49641| .0333 1 
2 99014| .97782| .15575| .67477| .34073 | .03928) .0081 | .49639] .0334 2 
3 99007| .97766| . 15630) .67483) .34079 | 03942) .0081 | .49636) .0335 3 
4 99000) .97749} . 15686) .67489) .34084 | .03956) .0082 | .49633) .0336 4 
5 98993) .97733).15741| 67495] .34090 | .03970) .0082 | 49631) .0337 5 
6 98985| .97717|. 15796] .67501 .34095 | .03985.0083 | .48628) .0338 6 
7 98978] .97700}.15852| .67507| .34101 | .03999/ .0084 | .49625' .0339 7 
8 98971] .97684|.15907| .67514| .34107 |.04013) .0084 | . 49623) .0340 8 
9 98963] .97667|. 15962! .67520| .34113 |.04027).0085 | .49620) .0342 9 
0 98956] .97651|.16018| 67526] .34118 | .04041}.0085 |.49617).0343 | 23.0 
1 98948] .97684|. 16073] .67532| .34124 | 04056) .0086 |.49615) .0344 1 
2 98941| .97617|.16128} .67539| .84130 | .04070| .0087 |.49612) .0345 2 
3 98933] .97601|. 16183] .67545] .34136 | .04084| .0087 | .49609) .0346 3 
4 98926| .97584|.16289| .67551| .34141 | .04098) .0088 | .49606) .0347 4 
5 98918] .97567].16294| .67558) .34147 | 04113) .0088 | .49604) .0348 & 
6 98911) .97550). 16349} .67564) .34153 | 04127] .0089 | .49601) .0349 6 
7 98903] .97583]. 16404] .67571] .34159 | .04151).0090 | .49598) .0351 7 
8 98895] .97516|.16459| .67577] .84165 | .04155| .0090 | .49595) .0352 8 
9 98888] .97499\.16514| .67584| .84171 |.04169|.0091 |.49592/ .0353 9 
0 98880| .97482].16569] 67590} .34177 | .04184).0092 |.49590) .0354 | 29.0 
1 98872] .97465].16624| .67597] .34183 | .04198).0092 | .49587/ .0355 1 
2 98865] .97447|.16679| .67603] .34189 | 04212) .0098 | .49584) .0356 2 
3 98857| .97430}.16734| .67610) .34195 | .04226| .0093 | .49581) .0857 3 
4 98849) .97413].16789| .67616) .34201 | 04240) .0094 |.49578 4 
5 98841] .97395} . 16844! 67623) .84207,|..04254| .0095 |.49575 5 
6 98833] .97378] .16899] .67630| .34213 | .04269| .0095 | .49573) .0361 6 
4 98826] .97360).16954! .67636) .34219 .04283).0096 |.49570) .0362 7 
1 | 98818] .97343].17009| 67643} .34225 | 04297] .0097 | .49567| .0363 8 
a 98810] .97325|.17064| .67650) .34232 | .04311|.0097 | .49564) 0364 9 
| 
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C Y | Xx U V p=aL—bD | q=eL—fD 
Sl el By | Moe WET SDGl| Weed) ee eae 
30 0° | 98802] .97307|.17119].67657|.34238| .04325].0098 |.49561|.0365 | 30:0° 


-98794| .97290) .171'74| .67668 | 84244) .04339].0098 | .49558/ .0366 
-98786| .97272| .17229| .67670| .34250) .04354}.0099 |.49555) .0367 
-98778| .97254| .17283] .67677| .84257| .04368).0100 |.49552) .0368 
-98770| .97236) .17338 crest - 84263] .04382|.0100 |.49549) .0369 
-98762| .97218) .17393}.67691| .34269| .04396].0101 |.49546) .0371 
-98754| .97200) .1'7448).67698) .34276| .04410} .0102 |.49543) .0372 
.98745] .97182| .17502!.67705| .34282) .04424).0102 |.4954C| .0373 
-98737| .97164) .17557|.67712|.34288) .04439/.0103 |.49537) .0374 
-98729] .97146) .17612].67719} .34295] .04453}.0104 |.49534) .0375 


.98721| .97127| 17666] 67726) .84301) .04467| .0104 |.49531].0376 | 31. 
-98713] .97109] .17'721] .67'733] .34808) .04481| .0105 |.49528) .0377 
-98704| .97091] .17'776} 67740] .34814| 04495) .0106 |.49525| .0378 
-98696] .97072| . 17830] 67747) .84321| .04509] .0106 |.49522) .0379 
-98688] .97054| .1'7885|.67754) .84327| .04523) .0107 |.49519] .0380 
-98680} .97035) .17939|.67761| .34334| .04538).0108 |.49516) .0381 
-98671} .97017| .17994).67768] .34840] .04552).0108 |.49513) .0383 
-98663] .96998] . 18048] .67775| 34347) .04566| .0109 |.49510) .0384 
-98654} .96979] .18103} . 67783} .34853} .04580).0110 |.49507) .0385 
-98646| .96960} . 18157} .67790} .84360} .04594/ .0110 | .49504| .0386 


-98637| .96942| .18212] 67797] .84367| 04608) .0111 |.49501|.0387 | 32. 
-98629] .96923] 18266] .67804) 34373] .04622| .0112 |.49498) .0388 
-98620| .96904| .18320) 67812) .343880) .04636).0112 |.49495) .0389 
-98612] .96885] .18375} 67819] .34387) .04650) .0113 |.49491) .0390 
-98603] .96866} . 18429] .€7826| 34394) 04665 .0114 |.49488) .0391 
-98595| .96847| . 18483] .67834| 34406] .04679| .0114 |.49485) .0392 
- 98586} .96827) 18538} .67841].34407) 04693) .0115 |.49482| 0293 
-98577| .96808) .18592}.67849|.34414| .04707|.0116 |.49479] .0394 
98569] .96789] . 18646} 67856} .34421} .04721].0116 |.49476| .0395 
-98560} .96770) .18700) . 67864) .34428) .64735).0117 |.49473) .0397 


j é i j : 4 ; -49469] .0398 
. 98543) .96731|. 18809) .67879} .34442) 04763] .0118 |.49466} .0399 
. 98534) .96712} . 18863) .67886}.34448) .04777| .0119 |.49463) .0400 
-98525] .96692) .18917| .67894| .34455! .04791} .0120 |.49460) .0401 
-98516} .96672] .18971}.67901} .34462) .04805| .0121 |.49457| 0402 
-98507| 96653] 19025) .67909} .34469} .04820|.0121 |.49453) .0403 
-98499} .96633] 19079) .67917| .384477) .04834) .0122 |.49450) .0404 
-98490) .96613} .19183).67925| 34484! .04848) .0123 |.49447| .0405 
-98481} .96593) . 19187). 67932] .34491) .04862).0123 |.49443) .0406 
-98472| .96574) 19241) .67940} 34498) .04876) .0124 |.49440) .0407 
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U V p=aL—bD | q=el—fD 
ai} L a b e t 


: i . 20368} .68109) .84653 | .05171| .0189 | .49369).0429 | 36.0° 
.98268| .96123].20422| 68117] .34661 | .05185).0140 | .49366) .0430 
98259} .96102|. 20475] .68126) .34668 | .05190) .0141 | .49362) .0431 
-98249| .96080}. 20529] .68134| .84676 | .05213) .0142 | .49359) .0432 
-98239| .96059, . 20582] . 68142} .84684 | 05227) .0142 | .49355) 0433 
- 98230) . . 20635} . 68151) .384692 | .05241).0143 | 49852) .0434 
.98220) .96017|. 20689]. 68159] .34699 | 05255) .0144 | .49348) 0435 
98210} .95995|.20742| .68168] .84707 | .05269].0145 | .49345) .0436 
.98201| .95974|.20795] .68176] .34715 | .05282|.0145 | .49341) .0437 
-98191| .95952|. 20848] .68185) .34723 | .05296] .C146 | .49338) .0438 


a A nt 
ii) aL ie 


| = 

















° 
ive) 
8 
= 
e2) 
oO 
for) 
i) 
iS 


wOnEKo 
oO 
Loe) 
— 
D> 
w 
2 
4 
nw 
2 
oO 
oO 
= 
= 
BS 
» 
= 
Ss 
oo 
Ss 
Oo 
is 
wo 
i 
ive} 
(Jr) 
co) 
a 
5 








. 


WOURORwWHOHO WHOURNRwWHHO CDBNRNARWHH® OKHURTAWHMHO BHIROARWwEK 
Pe) 
s 
i) 
S 
te) 
oo 
8 
x 
S 
nO 
3 
wo 
oS 
B 
x 
i=) 
B 
> 
: 
= 
a 


ie} 
aq 
co 
for) 
fez) 
ive) 
ON 
8 
a 
8 
Se 
Se 
& 
w 
NS 
© 
i) 
& 
a 
_ 
cw) 
oO 
i 
a 
cw) 
& 
w 
e 
co 
= 
4 
Qo 
































382 TABLE XLIX.—FUNCTIONS OF THE TEN-CHORD 
SPIRAL 





hy Cc Y xX |u| ty) |Rpzeb=6D | g=el=jD iy 
TH, aT L fe L a b e WB 
: i 49144) .0488 | 42 
:97650| .94761|.23577| .68668] .35167 |.06019|.0188 |.49140|.0489 | 
:97639| .94736| .23629| .68678| .35176 | .06033|.0189 |.49136| 0490 
'97628| .94712|.23680| .68688] .35186 |.06047|.0190 |.49132| .0491 
-97616| .94688] .23732| 68898] .37195 |.06061|.0191 |.49128| .0492 
:97605| 94663) .23784| .68708| .35204 |.06074|.0192 |.49124| 0493 
-97594| .94639| 23835] .68718| .35214 |.06088].0193 |.49120| 0494 
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Ww 
oO 
wo 
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for) 
oO 
co 
Ww 
oOo 
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oO 
foe) 
& 
Ss 
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iS 
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foe) 
Q 


-97549| .9454G}.24041] .68759/ .85251 | .06143).0196 |.49103].0498 | 43 


8 





-97435| .94290! .24554] 68863] . 35347 | .06281|.0205 |.49062|.0507 | 44. 
- 97423} .94265) .24606) .68874) .35357 | .06295| .0206 |.49058) .0508 * 


-97400} .94214].24708| .68895| .35377 |.06322|.02C8 |.49049) .0510 
-97388) .94189}.24759).68906] .35387 | .06336|.0208 |.49045] .0511 
-97377| .94163].24810) .68917| .35397 | .06350|.0209 |.49041!.0512 
-97365| .94138].24861|.68927| .35407 | .06363|.0210 |.49036|.0513 
-97353} .94112 -24912| 68938) .35416 | .06377).0211 |.49032|.0514 
97342} .94086).24963) .68949] .35426 | .06391|.0212 |.49028! .0514 
-97330] .94061]. 25014) .68960) .35436 | .06405|.0213 |.49024).0515 


9 
-97318} .94035).25064!.68971) .35446 | .06418].0214 |.49019].0516 | 45,0 
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Degree 
° 
Curve 





Radius 
of 


Curve 


11,459. 
8,594. 
6,875. 


5,729. 
4,911. 
4,297. 
3,819. 
3,437. 
3,125. 


2,864. 
2,644. 
2,455. 
2,291. 
2,148. 
2,022. 
1,909. 
1,809. 
1,718. 








TABLE L.—RADII, DEFLECTIONS, AND 383 
CHORDS. ARC DEFINITION 
Deflec-| Deflec- Deflec- | Chord | Chord | Chord 
tion for} tion for | tion for for» for for 
WR: 25" 50’ 25’ 50’ 100’ 
of Ar of Arc of Arc of Arc | of Arc | of Arc 
7 °° 7 tal Se 
OOS) Peo ake ORO OM Rate 50.00 {100.00 
00.2 OSes aert 4s OrtOL0 Wee ee 50.00 |100.00 
00).25) | iow. ce: Q-12.514 S285 50.00 |100.00 
00.3 34 OP TSEOR aA cies 50.00 |100.00 
OOLSS [reece OPES A cack c 50.00 |100.00 
00.4 OGRA. O+20..0) "fe cals 50.00 |100.00 
OO. SS) PGS O22. 514s ee 50.00 |100.00 
00.5 evens 0.25.0 |. ..... 50.00 {100.00 
00 55> |Reree kes On20e Stee ee 50.00 {100.00 
OOLOe lucene OPSOROw Gye ote 50.00 |100.00 
OOF 650 Tones OFS2 20. bers, ot 50.00 | 99.99 
OO.7 URE Onset Ones ke 50.00 | 99.99 
QO/.755 | QS h ears OSTA OM, Oe es 50.00 | 99.99 
00.8 OOH ie it . 0 4010 pees: 50.00 | 99.99 
00). 85> || Sic. d O42" Be) ae ee 50.00 | 99.99 
00.9 ON 45t 01) he cers 50.00 | 99.99 
00.95 OPA OF eee 50.00 | 99.99 
01.0 O°5010) oe ee 50.00 | 99.99 
01.05 OXxS22 5} ei 50.00 | 99.98 
01.1 05520) 82 053 50.00 | 99.98 
01.15 0 -SKhI 5°] - See 2 50.00 | 99.98 
i hae 2 es ererei ste TOOT On ee Sere 50.00 | 99.98 
Olea ert: T0228 Sree tee 50.00 | 99.98 
O23) UlOhe B.A 405,06 os be 50.00 | 99.98 
OL:85) | Sst 8 £507: 55). 92.08 50.00 | 99.97 
OL dV 1Ga see asc £2030. 9th Ve 50.00 | 99.97 
OV .45)) 0S nT (Tad ae 50.00 | 99.97 
01.5 i as a5 1 Ol lie Fetes ars 50.00 | 99.97 
01.55 POViporen ses 50.00 | 99.97 
01.6 2 2OlOT Pe. peg 50.00 | 99.96 
01.65 P5222 Sh Oe os 50.00 | 99.96 
OL 37. VOSS Sent, 4.2520 4 - Fe te 50.00 | 99.96 
OW sFao | Sesto cs: sre b 27.5; Fe oe 50.00 | 99.96 
‘Os Sivalliares: perc 2.2 T3020. oe ee 50.00 | 99.95 
OL. SGN ee tse I S2eo Ieee 50.00 | 99.95 
Od Oat ME Rane Ss 18520) aee er 50.00 | 99.95 
OF 950) Me ae. es i es Gs ct ae ae 50.00 | 99.95 
02.0 Mies: 32. 14080 FR. Le 50.00 | 99.94 
OZ OBE) Fikrkecs S27 on See 50.00 | 99.94 
Od ae easiness aye M40 2O0s 1 S53 %-< 50.00 | 99.94 
O2-c ora... cea VATS Wy Geek < 49.99 | 99.94 
OZ ZIG She aave-« $5030. | cee ie 49.99 | 99.93 
OZ 2Z5e\\ Randers sc G2 Soe Oe es 49.99 | 99.93 
OD re tl arrner state 2 6540, Pee ose 49.99 | 99.93 
QZ SON ware: Sele ae DG eh Se Ee 49.99 | 99.92 
Q2rA SE ware sp2.0:42 270030. | Ba. s- 49.99 | 99.92 
O2R4a lasses ae 2 O24S fas}. 49.99 | 99.92 
OZ Oy ee) Be 3s 2 O520 Nae, ee 49.99 | 99.91 
OZ SOC eae he-., DOTLSYY ! Eats 49.99 | 99.91 
OF..G Mien Aes 2 2 AODOn Oe ae 49.99 | 99.90 
OZ. GAGE e6 feste.s DAD SS ee te 49.99 | 99.90 
Oe Tgallesss asics DSO n) Siew 49.99 | 99.90 
O28 Go lactose BLES Wy ages 49.99 | 99.89 
O28: ULES Fes ae 220/40) arcane 49.99 | 99.89 
OZ SOG P Vote cide 2 D2i5D" lt Cancers 49.99 | 99.89 
O29) MY RE Poet as ONO wrensres 49.99 | 99.88 
OF. 950) ca. as DT soe Pea ee 49.98 | 99.88 
OS Ole tare oa 2 30.0 | 4 49.98 | 99.88 


384 TABLE L.—RADII, DEFLECTIONS 


Deflec- | Deflec- Deflec- | Chord | Chord | Chord. 








Doge i Rae tion for| tion for | tion for for for for 

Cu Cu 1 Ft. 25' 50’ 25’ 50’ | 100’ 
fant BS) BV’ of Arc of Arc of Are of Arc | of Arc | of Are 

Ve 

2 49.98 | 99.87 
2 49.93 | 99.87 
2 49.98 | 99.86 
2 49.98 | 99.86 
2 49.98 | 99.86 
2 49.98 | 99.85 
2 49.98 | 99.85 
2 49.98 | 99.84 
2 49.98 | 99.84 
2 49.98 | 99.83 
2 49.98 | 99.83 
2 49.98 | 99.82 
i 3 49.98 | 99.82 
H 3 49.98 | 99.81 
F 3 49.98 | 99.81 
, 3 ; 49.98 | 99.80 
B 3 H 49.98 | 99.80 
3 3 12) 49.98 | 99.79 
13 0 440.74 | 03.9 tae 3 15,0 49.97 | 99.79 
10 435.16 | 03.95 | ....... 3.17715 49.97 | 99.78 
20 429.72 | 04.0 |)....... 3 20.0 49.97 | 99.77 
30 424.41 | 04.05 ]....... 3 22.5 49.97 | 99.77 
40 419 ST O4 a Millinmeiae dae 3 25.0 49.97 | 99.76 
414.19] 04.15] ..... bas 3 27.5 49.97 | 99.76 
4 0 409.26 | 04.2 | ..2.. aos'f , AeaO Oke Masa 3 49.97 | 99.75 
10 404.44] 04.25] ....... 3 321 Sh U.82 49.97 | 99.75 
20 399.74 | 04.3 Ji c.e.. ; 335.0 # bess 49.97 | 99.74 
30 395.14] 04.35] ..... B30 Sb, BOOS 49.97 | 99.73 
40 S90. 65:1) O40 45 he aoasmt. 3 40.0 | ..... 49.97 | 99.73 
50 386.26 | 04.45 | ....... 8 142. bF" caus 49.97 | 99.72 
15 0 381.97 | 04.5 [...2... 3 45.0 | ie... 49.96 | 99.72 
10 S07 77 | 04853 | 0a. 8... Fi 3 47.5 ie 49.96 | 99.71 
20 373.67 | 04.6 G]c. <.. q 3 50.0 ‘ 49.96 | 99.70 
369165 | 02. 6500s. S..08 3 52.5 i 49.96 | 99.70 
40 SGD ace) O2e7) ml dea. - 3. 65108 east g 49.96 | 99.69 
50 SOL SF 1104 0250 Pas, ae ote 3 OV som ems t 4 49.96 | 99.68 
16 0 358.10 | 04.8 2 00.0 4 00:0 |} %6.%; 49.96 | 99.68 
10 354.41 | 04.85 2 01.2 402.55) cant. 49.96 | 99.67 
20 350 79 | 04.9 2 02.5 4 05.0 5 49.96 | 99.66 
30 347.25 | 04.95 2 03.8 4 07 25a. 855.2 49.96 | 99.65 
40 343.77 | 05.0 2 05.0 4 10.0 ‘ 49.96 | 99.65 
50 340.37 | 05.05 2 06.2 412.5. 5 S505 49.96 | 99.64 
17 0 337.03 | 05.1 2 07.5 4 1510) 4 86.3 . 49.95 | 99.63 
10 333.76 | 05.15 2 08.8 417.5 ‘ 49.95 | 99.63 
20 330.55 | 05.2 2 10.0 4 2030.4 et. tb 49.95 | 99.62 
30 327.40 | 05.25 2 a1.2 4 °22..52% 80.5 49.95 | 99.61 
40 324.32] 05.3 2 1245 4 25:01 oa. i 49.95 | 99.60 
50 321.28 | 05.35 2.13.8 427 soa one ee 49.95 | 99.60 
18 0 318.31] 05.4 2 15.0 4 30.0 | 24.99 | 49.95 | 99.59 
10 315.39 | 05.45 2 16.2 4 32.5 | 24.99 | 49.95 | 99.58 
20 812.52] 05.5 2.17.5 4 35.0 | 24.99 | 49.95 | 99.57 
30 309.71 | 05.55 2 18.8 4 37.5 | 24.99 | 49.95 | 99.57 
40 306.94 | 05.6 2 20.0 4 40.0 | 24.99 | 49.94 | 99.56 
50 804.22 | 05.65 221.2} 4 42.5 | 24.99 | 49.94 | 99.55 
19 0 301.56 | 05.7 2 12255 4 45.0 }| 24.99 | 49.94 | 99.54 
10 298.93 | 05.75 2 23.7 4 47.5 | 24.99 | 49.94 | 99.53 
20 296.36 | 05.8 2 25.0 4 50.0 | 24.99 | 49.94 | 99.53 
30 293.82 | 05.85 2 26.12 4 52.5 | 24.99 | 49.94 }| 99.52 
40 291.83 | 05.9 2 27.5 4 55.0 | 24.99 | 49.94 | 99.51 
50 288.89 | 05.95 2 28.8 4 57.5 | 24.99 | 49.94 }| 99.50 
20 ~6«(0 286.48 | 06.0 2 30.0 5 00.0 | 24.99 | 49.94 | 99.45 
—_-----~e er eee ee 
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386 TABLE L.—RADII, DEFLECTIONS 


Deflec- | Deflec- Deflec- | Chord | Chord | Chord 


Degree ae tion for| tion for | tion for for for for 

Curve Cure 1 Ft. 10’ 25! 10’ 2 100’ 
of Arc of Arc of Arc: | of Arc | of Arc | of Arc 

° vA / ° vA ° 7 

30 0 190.99 | 09.0 1 30.0 3 45.0 | 10.00 | 24.98 | 98.86 
10 189.93 | 09.05 1 30.5 3 46.3 | 10.00 | 24.98 | 98.85 
20 188.89 | 09.1 1 31.0 3 47.5 | 10.00 | 24.98 | 98.84 
30 187.86 | 09.15 1 31.5 3 48.8 | 10.00 | 24.98 | 98.82 
40 186.83 | 09.2 q 32.0 3 50.0 | 10.00 | 24.98 | 98.81 
50 185.82 | 09.25 32.5 3 51.3 | 10.00 | 24.98 | 98.80 
31 0 184.82 | 09.3 1 33.0 3 52.5 | 10.00 | 24.98 | 98.79 
10 183.84 | 09.35 1 33.5 3 53.8 | 10.00 | 24.98 | 98.77 
20 182.86 | 09.4 1 34.0 3 55.0 | 10.00 | 24.98 | 98.76 
30 181.89 | 09.45 1 34.5 3 56.3 | 10.00 | 24.98 | 98.75 
40 180.93 | 09.5 1 35.0 3 57.5 | 10.00 | 24.98 | 98.73 
50 179.99 | 09.55 1 35.5 3 58.8 | 10.00 | 24.98 | 98.72 
32 0 179.05 | 09.6 1 36.0 4 00.0 | 10.00 | 24.98 | 98.71 
10 178.12 | 09.65 1 36.5 4 01.3 | 10.00 | 24.98 | 98.69 
20 177.20 | 09.7 1 37.0 4 02.5 | 10.00 | 24.98 | 98.68 
30 176.29 | 09.75 1 37.5 4 03.8 | 10.00 | 24.98 | 98.66 
40 175.40 | 09.8 1 38.0 4 05.0 | 10.00 | 24.98 | 98.65 
50 174.50} 09.85 1 38.5 4 06.3 | 10.00 | 24.98 | 98.64 
383 0 173.62] 09.9 1 39.0 4 07.5 | 10.00 | 24.98 | 98.62 
10 172.75 |. 09.95 1 39.5 4 08.7 | 10.00 | 24.98 | 98.61 
20 171.89 | 10.0 1 40.0 4 10.0 | 10.00 | 24.98 | 98.60 
30 171.03 | 10.05 1 40.5 4 11.3 | 10.00 | 24.98 | 98.58 
40 170.18} 10.1 1 41.0 4 12.5 | 10.00 | 24.98 | 98.57 
50 169.35 | 10.15 1 41.5 4 13.8 | 10.00 | 24.98 | 98.55 
34 0 168.52 | 10.2 1 42.0 4 15.0 | 10.00 | 24.98 | 98.54 
10 167.70 | 10.25 1 42.5 4 16.3 | 10.00 | 24.98 | 98.53 
20 166.88 | 10.3 1 43.0 4 17.5 | 10.00 | 24.98 | 98.51 
30 166.07 | 10.35 1 43.5 4 18.8 | 10.00 24.98 | 98.50 
40 165.28 | 10.4 1 44.0 4 20.0 } 10.00 24.98 | 98.48 
50 164.48 | 10.45 1 44.5 4 21.3 | 10.00 24.98 | 98.47 
85 0 163.70 | 10.5 1 45.0 4 22.5 | 10.00 24.98 | 98.45 
10 162.93 | 10.55 1 45.5 4 23.8 | 10.00 24.98 | 98.44 
20 162.16 | 10.6 1 46.0 4 25.0 | 10.00 24.98 | 98.42 
30 161.40 | 10.65 1 46.5 4 26.3 | 10.00 24.98 | 98.41 
40 160.64 | 10.7 1 47.0 4 27.5 | 10.00 | 24.97 | 98.39 
50 159.90 | 10.75 1 47,5 4 28.8 | 10.00 24.97 | 98.38 
86 0 159.16 | 10.8 1 48.0 4 30.0 | 10.00 | 24.97 | 98.36 
10 158.42 | 10.85 1 48.5 4 31.3 | 10.00 24.97 | 98.35 
20 157.69 | 10.9 1 49.0 4 32.5 | 10.00 | 24.97 | 98.33 
30 156.97 | 10.95 1 49.5 4 33.8 | 10.00 | 24.97 | 98.32 
40 156.26 | 11.0 1 50.0 4 35.0 | 10.00 | 24.97 | 98.30 
50 155.55 | 11.05 1 50.5 4 36.3 | 10.00 | 24.97 | 98.29 
37 0 154.85 | 11.1 145150 4 37.5 | 10.00 | 24.97 | 98.27 
10 154.16 | 11.15 1 51.5 4 38.8 | 10.00 | 24.97 | 98.26 
20 153.47 | 11.2 1 52.0 4 40.0 | 10.00 | 24.97 | 98.24 
30 152.79 | 11.25 1 52.5 4 41.3 | 10.00 | 24.97 | 98.22 
40 152.11 |] 21.3 1 53.0 4 42.5 | 10.00 | 24.97 | 98.21 
50 151.44] 11.35 1 53.5 4 43.8 | 10.00 | 24.97 | 98.19 
$8 0 150.78 | 11.4 1 54.0 4 45.0 | 10.00 | 24.97 | 98.18 
10 150.12} 11.45 1 54.5 4 46.3 | 10.00 | 24.97 | 98.16 
20 149.47 | 11.5 1 55.0 4 47.5 | 10.00 | 24.97 | 98.15 
30 148.82} 11.55 1 55.5 4 48.7 | 10.00 | 24.97 | 98.13 
40 148.18] 11.6 1 56.0 4 50.0 | 10.00 | 24.97 | 98.11 
50 147.54} 11.65 1 56.5 4 51.3 | 10.00 | 24.97 | 98.10 
89 0 146.91] 11.7 1 57.0 4 52.5 | 10.00 | 24.97 | 98.08 
10 146.29 | 11.75 1 57.5 4 53.8 | 10.00 | 24.97 | 98.06 
20 145.67 | 11.8 1 58.0 4 55.0 | 10.00 | 24.97 | 98.05 
30 145.05 | 11.85 1 58.5 4 56.3 | 10.00 | 24.97 | 98.03 
40 144.44] 11.9 1 59.0 4 57.5 | 10.00 | 24.97 98.02 
50 143.84 | 11.95 1 59.5 4 58.8 | 10.00 | 24.97 | 98.00 
40 0 143.24 | 12.0 2 00.0 5 00.0 | 10.00 | 24.97 97.98 


Degree 


41 0 


47 (0 


49 0 


AND CHORDS. 


Radius 
of 


Curve 


Deflec-| Deflec- 
tion for| tion for 
TE: 10’ 
of Arc | of Arc 
7 ° , 
12.0 2 00.0 
12.05 2 00.5 
12.2 2 01.0 
12.15 2:01.56 
12.2 2 02.0 
12.25 202.5 
PRS} 2 03.0 
12.35 2 03.5 
12.4 2 04.0 
12.45 2 04.5 
12.5 2 05.0 
12.55 2505.5 
12.6 2 06.0 
12.65 2 06.5 
12.7 2 07.0 
12.75 QOS 
12.8 2 08.0 
12.85 2 08.5 
12.9 2 09.0 
12.95 2 09.5 
13.0 2 10.0 
13.05 2310.5 
13.10 211.0 
13.15 2 11.5 
13.2 2712.0 
13.25 25125 
13.3 2913.0 
13.35 2 13.5 
13.4 214.0 
13.45 2°14.5 
13.5 2 15.0 
13.55 215.5 
13.6 2 16.0 
13.65 2 16.5 
13.7 217.0 
13.75 2 17.5 
13.8 2°18.0 
13.85 2518.5 
13.9 2 19.0 
13.95 2 19.5 
14.0 2 20.0 
14.05 2 20.5 
14.1 2321.0 
14.15 221.5 
14.2 2 22.0 
14.25 2. 22.5 
14.3 2 23.0 
14,35 2 23.5 
14.4 2 24.0 
14.45 2 24.5 
14.5 2 25.0 
14.55 2° 25.5 
14.6 2 26.0 
14.65 2 26.5 
14.7 2 27.0 
14.75 2°27 .5 
14.8 2 28.0 
14.85 2.28.5 
14.9 2 29.0 
14.95 2 29.5 
15.0 2 30.0 
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388 TABLE L.—RADII, DEFLECTIONS 


‘ Defiec- | Deflec- Deflec- | Chord | Chord | Chord 
a ‘ele a tion for} tion for | tion for for for for 
Cur Gary 1 Ft. 10’ 25’ 10’ ORY 100’ 
Ae he of Are of Arc of Arc of Arc | of Are | of Arc 
° 7 7 ° v ° 7 
60 00 114.59 | 15.0 2 30.0 | 6°15.0 10.00 | 24.95 | 96.86 
10 114.21 |:15.05 92 30.5 6 16.3 10.00 | 24.95 | 96.84 
20 41383. 151'5. 1 2 31.0 6 17.5 10.00 | 24.95 | 96.82 
30 113.46 | 15.15 | 2 31.5 6 18.8 10.00 |} 24.95 | 96.79 
40 113.08 | 15.2 ¥ 32.0 6 20.0 10.00 | 24.95 | 96.77 
50 112.71 | 15.25 32.5 6 21.3 10.00 | 24.95 | 96.75 
561 O 112.34] 15.3 2 33.0 622.5) 10.00 | 24.95 | 96.73 
10 £1.98, |S. oo M25 5a.0 6 23.8 10.090 | 24.95 | 96.71 
20 111.62 | 15.4 2. 34.0 6. 25.0 10.00 | 24.95 | 96.69 
30 111.26 | 15.45 ]:2 34.5 6 26.3 10.00 | 24.95 | 96.67 
40 110.90} 15.5 2 35.0 62 27 10.00 | 24.95 | 96.65 
50 110.54 |: 15.55 | 2 35.5 6 28.8 10.00 | 24.95 | 96.63 
- 62 O 110.18 | 15.6 2 36.0 6 30.0 10.00 | 24.95 | 96.60 
10 109 83 | 15.65:|'2 36.5 6 31.3 10.00 | 24.95 | 96.58 
20 109.48 | 15.7 2 37.0 6332.5 10.00 | 24.95 | 96.56 
30 109.14} 15.75 | 2. 37.5 6 33.8 10.00 | 24.95 | 96.54 
40 108.79 | 15.8 2 38.0.] 6 35.0 10.00 | 24.94 | 96.52 
50 108.45 | 15.85 | 2 38.5 6 36.3 10.00 |} 24.94 | 96.49 
63 +O 108.11] 15.9 2 39.0 6. 37.5 10.00 | 24.94 | 96.47 
10 107.77 | 15.95'] 2 39.5 6 38.8 10.00 } 24.94 | 96.45 
20 107.43 | 16.0 2 40.0 6 40.0 10.00 | 24.94 | 96.43 
30 107.09 | 16.05 | 2 40.5 6 41.3 10.00 | 24.94 | 96.41 
40 106.76 | 16.1 2 41.0 6 42.5 10.00 | 24.94 | 96.38 
50 106.43 |] 16.15 | 2 41.5 6 43.8 10.00 | 24.94 | 96.36 
64 O 106.10 | 16.2 2 42.0 6 45.0 10.00 | 24.94 | 96.34 
10 105.78 | 16.25 | 2 42.5 6 46.3 10.00 | 24.94 | 96.32 
20 105.45 | 16.3 2 43.0 6 47.5 10.00 | 24.94 | 96.30 
30 105.13 | 16.35 | 2 43.5 6 48.8 10.00 | 24.94 | 96.27 
40 104.81 | 16.4 2 44.0 3 50.0 10.00 | 24.94 | 96.25 
50 104.49] 16.45 | 2 44.5 51.3 10.00 | 24.94 | 96.23 
55 0 104.17 | 16.5 2 45.0 | 6 52.5 10.00 } 24.94 | 96.21 
10 103.86 | 16.55 | 2 45.5 6 53.8 10.00 | 24.94 | 96.18 
20 103.55 | 16.6 2 46.0 6 55.0 10.00 | 24.94 | 96.16 
30 103.24 | 16.65 | 2 46.5 6 56.3 10.00 | 24.94 | 96.14 
40 102.93 | 16.7 2 47.0 6 57.5 10.00 | 24.94 | 96.11 
50 102.62) 16.75 | 2 47.5 6 58.8 10.00 | 24.94 | 96.09 
66 OO 102.32 | 16.8 2 48.0 | 7 00.0 10.00 | 24.94 | 96.07 
10 102.01} 16.85 | 2 48.5 7 01.3 10.00 | 24.94 | 96.04 
20 101.71] 16.9 2 49.0 7 02.5 10.00 | 24.94 | 96.02 
30 101.41} 16.95 | 2 49.5 7 03.8 10.00 | 24.94 | 96.00 
40 101.11} 17.0 2 50.0 7 05.0 10.00 | 24.94 | 95.97 
50 100.81} 17.05 | 2 50.5 7 06.3 10.00 | 24.94 | 95.95 
57 (OO 100.52} 17.1 2 51.0 7 07.5 10.00 | 24.94 | 95.93 
10 100 522, fi17.15 1-2: 51.5 7 08.8 10.00 | 24.94 | 95.90 
20 99.93 | 17.2 2 52.0 ean 40) 10.00 | 24.94 | 95.88 
30 99 64./)17.25 1:2 52.5 Up le BBS 10.00 | 24.94 | 95.86 
40 99.36.) 17.3 2 53.0 @% 12.5 10.00 |} 24.94 | 95.83 
50 99.07 | 17.35 | 2. 53.5 7 13.8 10.00 | 24.94 | 95.81 
6B OO 98.79.) 17.4 2) 54.0. [7 13.0 10.00 | 24.94 | 95.79 
10 98.50} 17.45 | 2 54.5 7 16.3 10.00 | 24.94 | 95.7 
20 98.22.) 17.5 2 55.0 WAZ. 5: 10.00 | 24.94 | 95.74 
30 97.94 517.55'] 2 55.5 | 7 18.7 10.00 | 24.94 | 95.71 
40 97.66 | 17.6 2 56.0 7 20.0 10.00 } 24.94 | 95.69 
50 97.39] 17.65 12) 56.5,..4°7. 21.8 10.00 | 24.94 | 95.66 
59 (0 97 21. P1777 27 52.0. NETS 22.55 10.00 | 24.94 | 95.64 
10 96 .84.1/17.75-°2) 57.6 7 23.8 10.00 } 24.93 | 95.62 
20 96.56 | 17.8 2 58.0 7. 25.0 10.00 | 24.93 | 95.59 
30 96.30.) 17.85 | 2 58.5 7 26.3 10.00 | 24.93 | 95.57 
40 96.03 | 17 2 59.0 a 27.5 10.00 | 24.93 | 95.54 
50 95.76 | 16.95 | 2 59.5 | 7 28.8 10.00 | 24.93 | 95.52 
60 0 95.49 | 18.0 3 00.0 7 30.0 10.00 | 24.93 | 95.49 
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65 0 


66 0 


67 00 


68 0 
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Chord 


or 
100’ 
of Arc 


Degree 


71 =0 


72 O 


/ 93 0 


74 O 


75 0 


7 O 


78 O 


7 0 





Radius 
of 


TABLE L.—RADII, DEFLECTIONS 





tion for} tion for | tion for for 
1 Ft. 10’ 25! 10’ 


a ° / ° / 
81.85 | 21.0 3 30.0 8 45.0 9-99 
81,66 | 21.05 3 30.5 8 46.3 91199 
81.46 | 21.1 3 31.0 8 47.5 9.99 
81.27 | 21.15 3 31.5 8 48.8 9.99 
81.08 | 21.2 3 32.0 8 50.0 9.99 
80.89 | 21.25 | BW 32.5 8 51.3 9.99 
80.70 |] 21.3 3 33.0 8 52.5 9.99 
80.51} 21.35 3 33.5 8 53.8 9).99 
80.32 |} 21.4 3 34.0 8 55.0 9.99 
80.13 | 21.45 3 34.5 8 56.3 9.99 
79.95 | 21.5 3 35.0 8 57.5 9/99 
79.76 | 21.55 3.35.5 8 58.8 9/99 
79.58] 21.6 3 36.0 9 00.0 9299) 
79.39 | 21.65 3 36.5 9 01.3 9.99 
79.21 | 21.7 3 37.0 9 02.5 9.99 
79.03 | 21.75 3 37.5 9 03.8 9.99 
78.85 | 21.8 3 38.0 9 05.0 9.99 
78.67 | 21.85 3 38.5 9 06 3 9.399 
78.49 | 21.9 3 39.0 9 07.5 9.99 
78.31 | 21,95 3 39.5 9 08.8 9.99 
78.13 | 22.0 3 40.0 9.10.0 9.99 
77.95 | 22.05 3 40.5 9 11.3 9.99 
77.78) 22.1 3 41.0 9 12.5 9°99 
77.60 | 22.15 3 41.5 9 13.8 9799 
77.43 | 22.2 3 42.0 9 15.0 9°99 
77.25 | 22.25 3 42.5 9 16.3 9599 
77.08 | 22.3 3 43.0 9 17.5 9.99 
76.91 | 22.35 3 43.5 9 18.8 9799 
76.74 | 22.4 3 44.0 9 20.0 9°99 
76.56 | 22.45 3 44.5 9 21.3 9.99 
76.39 | 22.5 3 45.0 9 22.5 9:99 
76.22 | 22.55 3 45.5 9 23.8 9599 
76.06 | 22.6 3 46.0 9 25.0 9799 
75.89 | 22.65 3 46.5 9 26.3 9.99 
75.82 | 22.7 3 47.0 9 27.5 9799 
75.55 | 22.75 3 47.5 9 28.8 9.99 
75.39 | 22.8 3 48.0 9 30.0 9.99 
75.22 | 22.85 3 48.5 9 31.3 9599 
75.06 | 22.9 3 49.0 9 32.5 9.99 
74.90 | 22,95 3 49.5 9 33.8 9299 
74.73 | 23.0 3 50.0 9 35.0 9599 
74.57 | 23.05 3 50.5 9 36.3 9199 
74.41] 23.1 3 51.0 9 37.5 2599 
74.25 | 23.15 3 51.5 9 38.8 9.99 
74.09 | 23.2 3 52.0 9 40.0 9599 
73.93 | 23.25 3 52.5 9 41.3 999 
73.77 | 23.3 3 53.0 9 42.5 9°99 
73.61 | 23.35 3 53.5 9 43.8 9799 
73.46 | 23.4 3 54.0 9 45.0 9599 
73.30 | 23.45 3 54.5 9 46.3 9.99 
73.14 | 23.5 3 55.0 9 47.5 9°99 
72.99 | 23.55 3 55.5 9 48.8 9.99 
72.83 | 23.6 3 56.0 9 50.0 9799 
72.68 | 23.65 3 56.5 9 51.3 9.99 
72.53 | 23.7 3 57.0 9 52.5 9.99 
72.37 | 23.75 3 57.5 9 53.8 9,99 
72.22 | 23.8 3 58.0 9 55.0 9,99 
72.07 | 23.85 3 58.5 9 56.3 9.99 
71.92 | 23.9 3 59.0 9 57.5 9°99 
71.77 | 23.95 3 59.5 9 58.8 9.99 
71.62 | 24.0 4 00.0 |! 10 00.0 9799) 


Deflec-| Deflec- |: Deflec- | Chord | Chord | Chord | 
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a Deflec-| Deflec- Defiec- | Chord | Chord | Chord 
oor a ace a re ile a for i , 
f 0 25 
Curve Curve of Arc} of Arc of Arc of Arc | of Arc | of Arc 
on a >|, aa a) ea ae ee | ee Ge lana of i eacs aa 
80 0 71.62 | 24.0 4 00.0 | 10 00.0 9.99 | 24.87 | 92.07 
10 71.47 | 24.05 4 00.5 | 10 01.3 9.99 | 24.87 | 92.04 
20 WL 320) 24.7 401.0 | 10 02.5 9.99 | 24.87 | 92.01 
30 @1.17 | 24.15 401.5 | 10 03.8 9.99 | 24.87 | 91.98 
40 712034 24.2 4 02.0 | 10 05.0 9.99 | 24.87 | 91.94 
50 70.88 | 24.25 4 02.5 | 10 06.3 9.99 | 24.87 | 91.91 
81 0 70.74 | 24.3 4 03.0 | 10 07.5 9.99 | 24.87 | 91.88 
10 70.59 | 24.35 4 03.5 | 10 08.8 9.99 | 24.87 | 91.85 
20 70.44 | 24.4 4 04.0 | 10 10.0 9.99 | 24.87 | 91.81 
30 70.30 | 24.45 4 04.5 | 10 11.3 9.99 | 24.87 | 91.78 
40 70.16 | 24.5 405.0] 10 12.5 9.99 | 24.87 | 91.75 
50 70.02 | 24.55 405.5 |] 10 13.8 9.99 | 24.87 | 91.71 
s2 0 69.87 | 24.6 4 06.0 | 10 15.0 9.99 | 24.87 | 91.68 
10 69.73 | 24.65 4 06.5 | 10 16.3 9.99 | 24.87 | 91.65 
20 69.59 | 24.7 4 07.0 | 10 17.5 9.99 | 24.87 | 91.62 
30 69.45 | 24.75 4 07.5 | 10 18.8 9.99 | 24.87 | 91.58 
40 69.31 | 24.8 4 08.0 | 10 20.0 9.99 | 24.86 | 91.55 
50 69.17 | 24.85 4 08.5 | 10 21.3 9.99 | 24.86 | 91.52 
83 0 69.03 | 24.9 4 09.0} 10 22.5 9.99 | 24.86 | 91.48 
10 68.89 | 24.95 409.5 | 10 23.8 9.99 | 24.86 | 91.45 
20 68.75 | 25.0 4 10.0} 10 25.0 9.99 | 24.86 | 91.42 
30 68.62 | 25.05 410.5 | 10 26.3 9.99 | 24.86 | 91.38 
40 68.48 | 25.1 4 11.0] 10 27.5 9.99 | 24.86 | 91.35 
50 68.34 | 25.15 4 11.5 | 10 28.8 9.99 | 24.86 | 91.32 
84 0 68.21] 25.2 4 12.0} 10 30.0 9.99 | 24.86 | 91.28 
10 68.07 | 25.25 # 12555) 10 31/73 9.99 | 24.86 | 91.25 
20 67.94 | 25.3 413.0] 10 32.5 9.99 | 24.86 | 91.21 
30 67.81 | 25.35 418.5 | 10 33.8 9.99 | 24.86 | 91.18 
40 67.67 | 25.4 4 14.0 |} 10 35.0 9.99 | 24.86 | 91.15 
50 67.54 | 25.45 414.5] 10 36.3 9.99 | 24.86 | 91.11 
85 0 67.41 | 25.5 4 15.0 |} 10 87.5 9.99 | 24.86 | 91.08 
10 67.27 || 25.55 415.5 |] 10 38.8 9.99 | 24.86 | 91.05 
20 67.14 | 25.6 4 16.0 | 10 40.0 9.99 | 24.86 | 91.01 
30 67.01 | 25.65 4 16.5 |] 10 41.3 9.99 | 24.86 | 90.98 
40 66.88 | 25.7 4 17.0 | 10 42.5 9.99 | 24.85 | 90.94 
50 66.75 | 25.75 417.5 | 10 43.8 9.99 | 24.85 | 90.91 
86 0 66.62 | 25.8 4 18.0 | 10 45.0 9.99 | 24.85 | 90.87 
10 66.49 | 25.85 418.5 | 10 46.3 9.99 | 24.85 | 90.84 
20 66.36 | 25.9 4 19.0} 10 47.5 9.99 | 24.85 | 90.80 
30 66.24 | 25.95 419.5 | 10 48.8 9.99 | 24.85 | 90.77 
40 66.11] 26.0 4 20.0 | 10 50.0 9.99 | 24.85 | 90.74 
50 65.98 | 26.05 4 20.5 | 10 51.3 9.99 | 24.85 | 90.70 
87 0 65.86 | 26.1 4 21 OV; 10) 52.5, 9.99 | 24.85 | 90.67 
10 65.73 | 26.15 4 21.5 | 10 53.8 9.99 | 24.85 | 90.63 
20 65.61 |] 26.2 4 22.0 | 10 55.0 9.99 | 24.85 | 90.60 
30 65.48 | 26.25 4 22.5 | 10 56.3 9.99 | 24.85 | 90.56 
40 65.36 | 26.3 4 23.0 | 10 57.5 9.99 | 24.85 | 90.53 
50 65.23 | 26.35 4 23.5 | 10 58.8 9.99 | 24.85 | 90.49 
88 0 65.11 | 26.4 4 24.0 | 11 00.0 9.99 | 24.85 | 90.46 
10 64.98 | 26.45 4 24.5 | 11 01.3 9.99 | 24.85 | 90.42 
20 64.86 | 26.5 4 25.0 | 11 02.5 9.99 | 24.85 | 90.39 
30 64.74 | 26.55 4 25.5 | 11 03.8 9.99 | 24.84 | 90.35 
40 64.62 | 26.6 4 26.0 | 11 05.0 9.99 | 24.84 | 90.32 
50 64.50 | 26.65 4 26.5 | 11 06.3 9.99 | 24.84 | 90.28 
89 0 64.38 | 26.7 4 27.0 | 11 07.5 9.99 | 24.84 | 90.25 
10 64.26 | 26.75 4 27.5 | 11 08.8 9.99 | 24.84 | 90.21 
20 64.14] 26.8 4 28.0 | 11 10.0 9.99 | 24.84 | 90.17 
30 64.02 | 26.85 4 28.5 | 11 11.3 9.99 | 24.84 | 90.14 
40 63.90 | 26.9 4 29.0] 11 12.5 9.99 | 24.84 | 90.10 
50 63.78 | 26.95 4 29.5 | 11 13.8 9.99. | 24.84 | 90.07 
90 0 63.66 | 27.0 4 30.0 | 11 15.0 9.99 | 24.84 | 90.02 
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Deflec- | Deflec- Deflec- | Chord | Chord | Chord 


Mee P pects ; ee for je So ienisot ior ae vey 
1 Ft. 5 
Curve Curve of Are of Arc of Arc of Are | of Arc | of Arc 
Onset 7 2 ae RS RET ee Ga) A i 
90 0 63.66.) 27.0 4 30.0 | 11 15.0 9.99 | 24.84 | 90.03 
10 63.54 | 27.05 4 30.5 | 11 16.3 9.99 | 24.84 | 90.00 
20 63.43 | 27 4 31.0} 11 17.5 9.99 | 24.84 | 89.96 
30 63.312 .}: 27. 15. 4 31.5 | 11 18.8 9.99 | 24.84 | 89.92 
40 63.19 | 27.2 4 32.0 | 11 20.0 9.99 | 24.84 | 89.89 
50 63.08} 27.25 | %4 32.5 ] 11 21.3] 9.99 | 24.84 | 89.85 
91 0 62.96 | 27.3 4°33(07}) 11 22.5 9.99. | 24.84 | 89.82 
10 62.85 | 27.35 4.33:.5°)}11 23°63 9.99 | 24.84 | 89.78 
20 62.73 | 27.4 4 34.0 | 11 25.0 9.99 | 24.83 | 89.74 
30 62.62.) 27.45 4 34.5 | 11 26.3 9.99 | 24.83 | 89.71 
40 62.50 |:27.5 AL S5LOG)) HL 27 6 9.99 | 24.83 | 89.67 
50 62.39 | 27.55. 4 35.5 | 11 28.8 9.99 ] 24.83 | 89.64 
92 0 62.28 | 27.6 4 36.0 | 11 30.0 9.99 | 24.83 | 89.60 
10 62.16 | 27.65 4 36.5 | 11 31.3 9.99 | 24.83 | 89.56 
20 62.05 | 27.7 4 37.0 | 11 32.5 9.99 | 24.83 | 89.53 
380 61.94 | 27.75 4 37.5%} 11 33:8 9.99 | 24.83 | 89.49 
40 61.83 | 27.8 4 38.0 | 11 35.0 9.99 | 24.83 | 89.45 
50 61.72 | 27.85 4 38.5 | 11 36.3 9.99 | 24.83 | 89.42 
93 0 61.61] 27.9 4,39t05)) 17 37.5 9.99 | 24.83 | 89.38 
10 61.50 | 27.95 4 39.5 | 11 38.8 9.99 | 24.83 | 89.34 
20 61.39 | 28.0 4 40.0 | 11 40.0 9.99 | 24.83 | 89.30 
30 61.28 | 28.05 4 40.5 | ll 41.3 9.99 | 24.83 | 89.27 
40 6.278 28.8 4 41.0 | 11 42.5 9.99 | 24.83 | 89.23 
50 61.06 | 28.15 4 41.5 | 11 43.8 9.99 | 24.83 | 89.19 
94 0 60.95 | 28.2 4 42.0 | 11 45.0 9.99 | 24.83 | 89,16 
10 60.84 | 28.25 4 42.5 | 11 46.3 9.99 | 24.82 | 89.12 
20 60.74 | 28.3 4 43.0;\|' 11 47.5 9.99 | 24.82 | 89.08 
30 60.63 | 28.35 4 43.5 | 11 48.8 9.99 | 24.82 | 89.04 
40 60.52 | 28.4 4 44.0 | 11 50.0 9.99 | 24.82 | 89.01 
50 60.42 | 28.45 4 44.5 | 11 51.3 9.99 | 24.82 | 88.97 
95 0 60.31 | 28.5 4 45:0 | 11 52.5 9.99 | 24.82-] 88.93 
10 60.21] 28.55 404575 4) A 5380s 9.99 | 24.82 | 88.90 
20 60.10} 28.6 4 46.0 | 11 55.0 9.99 | 24.82 | 88.86 
30 60.00 | 28.65. 4 46.5 | 11 56.3 9.99 | 24.82 | 88.82 
40 59.89 | 28.7 4 47:0} 11 57.5 9.99 | 24.82 | 88.78 
50 59.79 | 28.75 447.5 | 11 58.8 9.99 | 24.82 | 88.74 
96 0 59.68 | 28.8 4 48.0 | 12.00.0 9.99 | 24.82 | 88.71 
10 59.58 | 28.85 448.5 | 12 01.3 9.99 | 24.82 | 88.67 
20 59.48 | 28.9 4 49.0 | 12 02.5 9.99 | 24.82 | 88.63 
30 59.37 | 28.95 4 49.5 | 12 03.8 9.99 | 24.82 | 88.59 
40 59.27 | 29.0 4 50.0 | 12 05.0 9.99 | 24.82 | 88.55 
50 59.17 | 29.05 4 50.5 | 12 06.3 9.99 | 24.81 | 88.52 
97 0 59.07 | 29.1 4 51.0'| 12 07.5 9.99 | 24.81 | 88.48 
10 58.97 | 29.15 4 51.5 | 12 08.8 9.99 | 24.81 | 88.44 
20 58.86 | 29.2 4 52.0 | 12 10.0 9.99 | 24.81 | 88.40 
30 58.76 | 29.25 4 52.5 | 12 11.3 9.99 | 24.81 | 88.36 
40 58.66 | 29.3 45300: 12 12.5 9.99 | 24.81 | 88.33 
50 58.56 | 29.35 4 53.5.] 12 13.8 9.99 | 24.81 | 88.29 
98 0 58.46 | 29.4 4 54.0 | 12 15.0 9.99 | 24.81 | 88.25 
10 58.36 | 29.45 4 54.5 | 12 16.3 |. 9.99 | 24.81 | 88.21 
20 58.27 | 29.5 4 55.0 | 12 17.5 9.99 | 24.81 | 88 17 | 
30 58.17 | 29.55 4 55.5 | 12 18.8 9.99 | 24.81 | 88.13 
40 58.07 | 29.6 4 56.0 | 12 20.0 9.99 | 24.81 | 88.09 
50 57.97.| 29.65 4 56.5 | 12 21.3 9.99 | 24.81 | 88.06 
99 0 57.87.| 29.7 4 57.0 | 12 22.5 9.99 | 24.81 | 88.02 
10 57.78.| 29.75 4 57.5 | 12 23.8 9.99 | 24.81 | 87.98 
20 57.68 | 29.8 4 58.0 | 12 25.0 9.99 | 24.80 | 87.94 
30 57.58 | 29.85 4 58.5 | 12 26.3 9.99 } 24.80 | 87.90 
40 57.49 | 29.9 : 59.0 |. 12 27.5 9.99 | 24.80 | 87.86. 
5 
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Chord | Chord 
for or 
25/ 100’ 

of Arc | of Aro 

24.80 | 87.78 

24.80 | 87.74 

24.80 | 87.70 

24.80 | 87.66 

24.80 | 87.63 

24.80 | 87.59 

24.80 | 87.55 

24.80 | 87.51 

24.80 | 87.47 

24.80 | 87.43 

24.79 | 87.39 

24.79 | 87.35 

24.79 | 87.31 

24.79 | 87.27 

24.79 | 87.23 

24.79 | 87.19 

24.79 | 87.15 

24.79 | 87.11 

24.79 | 87.07 

24.79 | 87.03 

24.79 | 86.99 

24.79 | 86.95 

24.79 | 86.91 

24.79 | 86.87 

24.79 | 86.83 

24.78 | 86.79 

24.78 | 86.75 

24.78 | 86.70 

24.78 | 86.66 

24.78 | 86.62 

24.78 | 86.58 

24.78 | 86.54 

24.78 | 86.50 

24.78 | 86.46 

24.78 | 86.42 

24.78 | 86.38 

24.78 | 86.34 

24.78 | 86.30 

24.78 | 86.25 

24.78 | 86.21 

24.77 | 86.17 

24.77 | 86.13 

24.77 | 86.09 

24.77 | 86.05 

24.77 | 86.01 

24.77 | 85.96 

24.77 | 85.92 

24.77 | 85.88 

24.77 | 85.84 

24.77 | 85.80 

24.77 | 85.76 

24.77 | 85.71 

24.77 | 85.67 

24.77 | 85.63 

24.77 | 85.59 

24.77 | 85.55 

24.76 | 85.50 

24.76 | 85.46 

24.76 | 85.42 

24.76 | 85.38 

24.76 | 85.33 
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. Deflec-| Defiec- 
Degree} Radius tion for} tion for | tion for for 
pe: Ge 1 Ft 10’ 25 10’ 
MENC, BENS of Arc | of Arc of Arc of Arc 
° 7 ¢ ° , ° / 

110 0 52.09 | 33.0 5 30.0 | 13 45.0 9.98 
10 52.01 | 33.05 5 30.5 | 13 46.3 9.98 

20 61.93) 33.1 5 31.0 | 13 47.5 9.98 

30 51.85] 33.15 5 31.5 | 13 48.8 9.98 

40 51.77 | 33.2 Bee 13 50.0 9.98 

50 51.70 | 33.25 32.5 | 13 51/3 9.98 
111 0 51.62 | 33.3 § 33.0 | 13 52.5 9.98 
10 51.54 | 33.35 5 33.5] 13 53.8 9.98 

20 51.46 | 33.4 5 34.0 | 13 55.0 9.98 

30 51.39 | 33.45 5 34.5 | 13 56.3 9.98 

40 51.31 | 33.5 5 35.0-] 43 67 55 9.98 

50 51.23 | 33.55 § 35.5 | 13 58.8 9.98 
112 0 51.16 | 33.6 5 36.0] 14 00.0 9.98 
10 51.08 | 33.65 5 36.5 | 14 01.3 9.98 

20 5101), 33: 7 5 37.0 | 14 02.5 9.98 

30 50.93 | 33.75 5 37.5 | 14 03.8 9.98 

40 50.85 | 33.8 5 38.0] 14 05.0 9.98 

50 50.78 | 33.85 5 38.5 | 14 06.3 9.98 
113 0 50.70] 33.9 5 39.0 | 14 07.5 9.98 
10 50.63 | 33.95 5 39.5} 14 08.8 9.98 

20 50.56 | 34.0 5 40.0 | 14 10.0 9.98 

30 50.48 | 34.05 5 40.5 |] 14 11.3 9.98 

40 50.41 | 34.1 SD ALO7| 141 25 9.98 

50 50.33 | 34.15 5 41.5 | 14 13.8 9.98 
114 0 50.26 | 34.2 5 42.0 | 14 15.0 9.98 
10 50.19 | 34.25 5 42.5 | 14 16.3 9.98 

20 50.11] 34.3 5 43.0] 14 17.5 9.98 

30 50.04 | 34.35 5 43.5 | 14 18.8 9.98 

40 49.97 | 34.4! 5 44.0 |,14 20.0 9.98 

50 49.89 | 34.45 5 44.5 | 14 21.3 9.98 

115 0 49.82] 34.5 5 45.0 | 14 22.5 9.98 
10 49.75 | 34.55 5 45.5 | 14 23.8 9.98 

20 49.68 | 34.6 5 46.0 | 14 25.0 9.98 

30 49.61] 34.65 5 46.5 | 14 26.3 9.93 

40 49.54] 34.7 5 47.0 | 14 27.5 9.98 

50 49.46 | 34.75 5 47.5 | 14 28.8 9.98 

116 0 49.39 | 34.8 5 48.0 | 14 30.0 9.98 
10 49.32] 34.85 5 48.5 | 14 31.3 9.98 

20 49.25 | 34.9 5 49.0 | 14 32.5 9.98 

30 49.18] 34.95 5 49.5 | 14 33.8 9.98 

40 49.11] 35.0 5 50.0 | 14 35.0 9.98 

50 49.04 | 35.05 5 50.5 | 14 36.3 9.98 
117 0 48.97 | 35.1 5 51.0 | 14 37.5 9.98 
10 48.90 | 35.15 5 51.5} 14 38.8 9.98 

20 48.83 | 35.2 5 52.0] 14 40.0 9.98 

30 48.76 | 35.25 5 52.5 | 14-41.3 9.98 

40 48.69 | 35.3 5 53.0 | 14 42.5 9.98 

50 48.62 | 35.35 5 53.5 | 14 43.8 9.98 
118 0 48.56 | 35.4 5 54.0 | 14 45.0 9.98 
10 48.49 | 35.45 5 54.5 | 14 46.3 9.98 

20 48.42) 35.5 5 55.0 | 14 47.5 9.98 

30 48.35] 35.55 5 55.5 | 14 48.8 9.98 

40 48.28 | 35.6 5 56.0 | 14 50.0 9.98 

50 48.22 | 35.65 5 56.5 | 14 51.3 9.98 
119 0 48.15 | 35.7 5 57.0 | 14 52.5 9.98 
10 48.08 | 35.75 5 57.5 | 14 53.8 9.98 

20 48.01] 35.38 5 58.0 | 14 55.0 9.98 
30 47.95 | 35.85 5 58.5 | 14 56.3 9.98 
40 47.88 | 35.9 5 59.0 | 14 57.5 9.98 
50 47.81] 35.95 5 59.5 | 14 58.3 9.98 
120 0 47.75 | 36.0 6 00.0 | 15 00.0 9.98 
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Deflection for Deflection for Chord for 
Radius 1 Ft. of Arc Length of Arc Particular Arc | Particular Are 


15 114.5916 10 19 05.92 9.82 

2 85.9437 10 14 19.44 9.90 
25 68.7549 10 11 27.56 9.93 
30 57.2958 10 32.96 9.95 
35 49.1107 10 8 11.10 9.96 
40 42.9718 10 7 09.72 9.97 
45 38.1972 10 6 21.98 9.98 
50 34.3775 10 5 43.78 9.98 
55 31.2522 10 5 12.52 9.99 
60 28.6479 10 4 46.48 9.99 
65 26.4442 10 4 24.44 9°99 
70 24,5553 10 4 05.55 9.99 
75 22.9183 10 3 49.18 9.99 

80 21.4859 10 3 34.86 10.00 
85 20.2220 10 3 22,22 10.00 
90 19.0986 10 3 10.99 10.00 
95 18.0934 10 3 00.94 10.00 
100 17.1887 25 7 09.72 24,93 
110 15.6261 25 6 30.65 24.95 
120 14.3239 25 5 58.10 24,96 
130 13.2221 25 5 30.55 24.96 
140 12.2777 25 5 06.94 24.96 
150 11.4592 25 4 46.48 24.97 
160 10.7430 25 4 28.58 24.97 
170 10.1110 25 4 12.77 24.97 
180 9.5493 25 3 58.73 24.98 
190 9.0467 25 3 46.17 24.98 
200 8.5944 25 3 34.85 24.98 
225 7.6394 25 3 10.99 24.99 
250 6.8755 25 2 51.89 24.99 
275 6.2504 25 2 36.26 24.99 
300 5.7296 50 4 46.48 49.94 
325 5.2888 50 4 24.44 49.95 
350 4.9111 50 4 05.56 49.96 
375 4.5837 50 3 49.18 49.96 
400 4.2972 50 3 34.86 49.97 
450 3.8197 50 3 10.99 49.97 
500 3.4377 50 2 51.89 49.98 
550 3.1252 50 2 36.26 49.98 
600 2.8648 50 2 23.24 49.99 
650 2.6444 50 2 12.22 50.00 
700 2.4555 100 4 05.56 99.92 
750 2.2918 100 3 49.19 99.93 
800 2.1486 100 3 34.86 99.93 
850 2.0222 100 3 22.22 99.94 
900 1.9099 100 3 10.99 99.95 
950 1.8093 100 3 00.93 99.95 
1,000 1.7189 100 2 51.89 99.96 
1,100 1.5626 100 2 36.26 99.96 
1,200 1.4324 100 2 23.24 99.97 
1,300 1.3222 100 2 12.22 99.97 
1,400 1.2278 100 2 02.78 99.98 
1,500 1.1459 100 1 54.59 99.98 
1,600 1.0743 100 1 47.43 99.98 
1,700 1.0111 100 1 41.11 99.99 
1,800 0.95493 100 1 35.49 99.99 
1,900 0.90467 1 1 30.47 100.00 
2,000 0.85944 100 1 25.95 100.00 
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Deflection for Deflection for Chord for 
Banins 1Ft. of Arc | Length of Are | “Tors. Arc 100 Ft. Arc 
, ° , 

2,100 0.81851 100 1 21.85 100.00 
27200 0.78131 100 1 18.13 100.00 
2/300 0.74734 100 1 14173 100. 00 
2’ 400 0.71620 100 1 11.62 100.00 
2/500 0.68755 100 1 08:75 100.00 
2,600 0.66111 X 100 1 06.11 100. 00 
27700 0.63662 100 1 03.66 100.00 
27800 0.61388 100 1 01.38 100.00 
27900 0.59271 100 0 59:27 100.00 
3/000 0.57296 100 0 57129 100.00 
3,100 0.55448 100 0 55.44 100.00 
3/200 0.53715 100 0 53.71 100.00 
3’300 0.52087 100 0 52.09 100.00 
37400 0.50555 100 05 100.00 
3/500 0.49111 100 0 49:11 100. 00 
3,600 0.47746 100 0 47.74 100.00 
3’ 700 046456 100 0 46145 100. 00 
3/800 0.45234 100 0 45.23 100.00 
31900 0144074 100 0 44.07 100.00 
4’ 000 042972 100 0 42:97 100.00 
4,100 0.41924 100 0 41.92 100.00 
4’ 200 0.40926 100 0 100.00 
47300 0.39974 100 0 39:08 100.00 
4? 400 039065 100 03 100.00 
4) 500 0138197 100 0 38:20 100.00 
4,600 0.37367 100 0 37.37 100.00 
4’700 0.36572 100 03 100.00 

"800 0: 35810 100 0 35.81 100.00 
4/900 0.35079 100 0 35 100.00 
5/000 0.34377 100 0 34:38 100.00 
5, 100 0.33703 100 0 33.70 100. 00 
57200 0.33055 100 03 100.00 
5/300 0.32432 100 0 32143 100.00 

"40 0.31831 100 0 31.83 100: 00 
5/500 0.31252 100 0 31:25 100; 00 
5,600 0.30694 100 0 30.69 100.00 
5/700 0.30156 100 0 30.16 100.00 
57800 0.29636 100 0 29164 100.00 
57900 029133 100 0 29113 100.00 
6/000 0.28648 100 0 28:65 100:00 
6,100 0.28178 100 0 28.18 100.00 
6/200 0.27724 100 0 27.72 100.00 
6,300 0127284 100 0 27:29 100.00 
67400 026857 100 0 26:86 100.00 
67500 0126444 100 0 26.44 100.00 
6,600 0.26044 100 0 26.04 100.00 
67700 0125655 100 0 25.65 100.00 
6/800 0.25278 100 0 25.28 100.00 
62900 0124911 100 0 24:91 10 
7/000 0.24555 100 0 24.55 100. 00 
8,000 0.21486 100 0 21.48 100.00 
97000 019099 100 0 19.099 100.00 
10/000 0.17189 100 0 17.189 10 
11,000 0.15626 100 0 15.626 100.00 
127000 0.14324 100 0 141324 100: 00 
13, 000 0.13222 100 0 13.222 100.00 
147000 0.12278 100 0 12.278 100: 00 
157000 0.11459 100 0 111459 100: 00 

000 010743 100 0 10.743 100. 00 
17/000 0.10111 100 0 10/111 100.00 
18,000 0.095493 100 0 09.5493 100.00 
19'000 0.090467 100 0 09.0467 100.00 
20' 000 0.085944 100 0 08.5944 
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ANGLES OF CERTAIN CURVES 
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Coefficient K 
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1200 


1300 
1400 
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EXPLANATION OF TABLES * 


TaBLE I. Contains the radius and its logarithm for every 
degree of curve to single minutes up to 10°, and thence by 
larger intervals up to 50°. With the radius is given also the 
perpendicular offset t from the tangent to a point on the curve 
at the end of the first 100-ft chord from the tangent point, and 
the middle ordinate m of a 100-ft chord. 

Tas x II. Contains the corrections to be added to the tan- 
gents and externals of any railroad curve, as obtained by 
reference to Table III, according to the degree of the given 
curve (found at head of columns), and its central angle (found 
in the first column). If the given degree of curve or central 
angle does not appear in the table, the exact value of the cor- 
rection may be easily obtained by interpolation. 

Tasie III. Contains the exact values of the tangents, 
T, and externals, E, to a 1° curve, for every 10’ of central 
angle, from 1° to 120° 50’. Approximate values of the tan- 
gent and external to any other degree of curve may be found 
by simply dividing the tabular values opposite the given 
central angle by the given degree of curve, expressed in de- 
grees. These approximations may be made exact by adding 
the proper corrections taken from Table II. See equations 
17 and 20. 

Taste IV. Contains the value of long chords of from 2 to 
12 stations, for every 10’ of degree of curve from 0° to 15°, 
and of a smaller number of stations for degrees of curve be- 
tween 15° and 30°. As the chord of 1 station is always 100 ft, 
the column of the first station gives instead the length of arc 
subtended by the chord of 100 ft. See §§ 115-119, inclusive, 
of the text. 

Taste V. Contains the chords of a series of angles varying 
by half degrees up to 30° for radii varying by 100 to 1000 ft. 
It shows, therefore, the linear opening between the extremities 
of two equal lines at any given number of hundred feet from 
their intersection, when the angle does not exceed 30°. For 
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any distance exceeding 1000 we have only to add to the value 
found in that column the value found in the column headed 
by the excess of distance over 1000 ft. Conversely, the table 
gives the angular deflection required between two equal lines, 
in order that at a given distance from the point of intersection 
they may be separated a given amount. 

Taster VI. Contains the values of middle ordinates to 
long chords of from 2 to 12 stations, for every 10’ of degree 
of curve from 0° to 10°, and of from 2 to 6 stations for every 
curve from 10° to 20°, at 10-minute intervals. The table 
may be used, not only to fix the middle point of an are, but 
also, in conjunction with the table of long chords, to locate 
intermediate stations. See §§ 115-119 of the text. 

TABLE VII. Gives the correction to be added to the nominal 
length of a subchord b to obtain the length of the subchord c when 
the degree of curve D is defined as the angle at the center 
subtended by a chord of 100 ft. 


c = 6+ correction 


The value of the correction can be obtained more accurately 
than given in the table by multiplying the number in column 
m by the number in line m. 

Example. To find the length of a subchord on a 15° curve 
when the nominal length is 35 ft. From the table, the cor- 
rection is 0.09 ft. Hence: 


c = 35+0.09 = 35.09 


or, more accurately, correction = (0.286) X(0.307) = 0.088. 
Hence: 
c = 35+0.088 = 35.088 


Taste VIII. Contains the middle ordinates of chords 
varying in length from 16 to 60 ft and for degrees of curve, 
varying from 1° to 50°. The use of the table is obvious. 

Tasie IX. Consists of two parts: The first part gives the 
proper differences in elevation of rails on curves of various 
degrees from 1° to 50° for velocities varying from 10 to 60 
mph. This part of the table is based on equation 324 where 
the distance between bearing points on rail heads is taken as 
4.9 ft. Results are given to thousandths of a foot. 

The second part, given in inches and fractions, is from the 
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American Railway Engineering Association Manual. The 
distance between bearing points of the wheel treads is taken 
as 4 ft 83 in. = 4.708 ft. 

Ordinarily, the inner rail of the curve is kept at the grade, 
the outer rail being elevated the full amount e. On some 
roads, however, the center line defines the grade and then 
the outer rail is raised $e, and the inner depressed $e. 

The maximum elevation employed on American railroads is 
6 to 8 in. If the elevation of the outer rail for a particular 
curve and speed exceeds these limits, either the speed or de- 
gree of curve must be reduced. In some instances both musi 
be reduced for safe travel. 

Taste X. Contains the values of inches and. fractions 
expressed in decimals of a foot for every 32d of an inch up to 
Lf 

Taste XI. Contains the radius and its logarithm for 
the metric curve based on a chord of 20 meters, the deflection 
angle ranging from 0°10’ to 10°. It gives also the middle 
ordinate and tangent offset in meters for one chord, and the 
degree of curve of the identical curve if laid out in chords of 
100 ft by the American method. Numerical values in this 
table can be derived from Table I by first doubling the de- 
flection angle to get D and then multiplying the values in 
that table opposite D by 0.20. 

Taste XII. Contains the acreage for right of way 100 ft 
wide given to tenths of a station or for 10 ft. The values for 
shorter lengths can be found by interpolating; those for dif- 
ferent widths by proportion. 

Tasue XIII. Contains the vertical heights through which 
a train moving at certain velocities would be raised by its 
own momentum. The table is based on the formula H = 
0.0355V? which includes the effect of the rotative energy of 
the wheels. 

TaBLE XIV. Gives the rise of grades in feet per mile 
and their angle of inclination corresponding to a rise per 
station (100 ft) varying from.0.01 to 10 ft. 

TasLe XV. Contains values of the formula (log h—1) 
60384.3 in which h = reading of the barometer in inches. 
The inches and tenths of the readings are in the left-hand 
column, whereas the hundredths are found at the top of the 
other columns. The difference of any two values correspond-. 
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ing to two readings taken simultaenously at any two stations 
is the difference in elevation in feet of those stations. But 
the difference in height so found is subject to a correction for 
temperature given in the next table. See §§ 17 and 18. 

Taste XVI. Contains coefficients of correction for atmos- 
pheric temperature, by which the approximate heights ob- 
tained by Table XV are to be multiplied for a correction of 
these heights, which correttion is to be added or subtracted 
according as the coefficient given in the table is marked + 
or —. See §19. 

TaBLE XVII. Contains corrections in feet, required by 
the curvature of the earth and the refraction of the atmos- 
phere, to be applied to the elevation of a distant object as 
obtained by a level or transit observation for distances rang- 
ing from 300 ft to 10 miles. See § 391. 

TasBLE XVIII. Contains information for finding the differ- 
ences in elevation and the horizontal distances in stadia work. 
The table is based on the formulas: the difference in elevation 
= $ks sin 2a+(f+c) sina; and the horizontal distance = 
ks? cos a+(f+c) cos a. 

The quantities in the table under “Diff. Elev.” are values 
of ks sin 2a where k = 100, s = 1 and a = the particular 
vertical angle. With any other values of k and s the product 
is found by use of the slide rule. The quantities at the foot 
of the column are values of (f-++c) sina for three values of 
f-++c (called c in the table). The products for other values 
of (f-+c) are found by interpolating. 

Under ‘Correction to Horizontal Distances” are given 
100—ks cos? a for different values of a, when k = 100 and 
s = 1. Proper multiplication is made for other values of 
these quantities. 

Example. Angle 2° 46’; rod reading 2.64; f+c = 1.1; and 
k = 100. 

Difference in elevation = 4.822.64+0.04 = 12.76. 

Correction to horizontal distance for 100 ft = 0.23 and for 
a rod reading of 2.64 it is 2.640.283 or 0.6. Correction for 
(f+e) cosa is 1.1. Therefore, the horizontal distance 
264—0.6+1.1 = 264.5. 

Taste XIX. Contains the value of the sun’s refraction 
in terms of the latitude of the place and the hour of the ob- 
servation. The hour angle indicates the distance of the sun 
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from the meridian. Three hours indicates either 9 A.M. or 
3 p.M. These times are strictly apparent solar time which 
is governed by the motion of the real sun. For all practical 
purposes, however, the time may be considered standard time 
which is kept by the observer’s watch. 

Complete directions are given in the Nautical Almanac for 
the computation of declination, and the refraction values are 
applied to the declinations thus found. North declinations 
are + and those south are —. The refraction correction is 
to be added to the former and subtracted from the latter. 

This table is used in laying off the proper declination for 
an observation with the solar attachment. 

TABLE XXA gives the lengths of circular arcs of radius = 1. 
When the tabular value listed for the required central angle 
is multiplied by the required radius, the exact value of the 
length of arc is obtained. 

Example. To find the length of arc having a radius of 
2000 ft and a central angle of 38° 22’ 47’”.8. 


Angle Tabular Value 


38° 0.66322512 
22’ 0.00639954 
47” 0:00022786 
0.8 0.00000388 
Sum 38° 22’ 47’"8 0.66985640 


Are 2000 ft <0.66985640 = 1339.71 ft 


The table also gives the values of minutes and seconds in 
decimal parts of a degree. 

TaBLeE XXB. Gives the values of are minus chord (A—C) 
for arcs of radius = 1. When the tabular value listed for the 
required central angle is multiplied by the radius, the exact 
difference is obtained. The length of chord can then be com- 
puted by subtracting this value from the length of are. 

Also, if desired, the value found in this table can be sub- 
tracted directly from the value in Table XXA and the differ- 
ence multiplied by the radius to obtain the length of chord. 

Example. To find the long chord of a curve having a ra- 
dius of 2000 ft and a central angle of 38° 22’ 47.8. 
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Angle Tabular Value Difference 
88° 22’ 0.0124408 162 
aide x 162 129 
60 stench: 
0.0124537 


A—C = 2000 ft0.0194537 = 24.9074 
C = are—(A—C) = 1339.71—24.91 = 1314.80 ft 


or, from Table XXA, 
Length of are = 0.6698564 

From Table XXB, 
A—C = 0.0124537 


Difference = 0.6574027 
C = 2000 ft X0.6574027 = 1314.81 ft 


TasLe XXI. Contains the values of minutes and seconds 
expressed in decimals of a degree, for every 10” of arc, and 
also for quarter minutes up to 1°. 

TasLe XXII. Contains the measurements necessary to 
lay down a turnout with frogs of given numbers or angles 
for both a standard and a 3-ft gauge. The distance BF is 
measured on the rail of the given track from the heel of the 
switch to the point of the frog, while af is the chord of the 
center line of the turnout between the same points. The 
radius r applies to the center line of the turnout. The dis- 
tance aF”’ is measured on the center line of the straight track 
from the heel of the switch to the point of the middle frog. 
The length of switch AD should conform to the tabular values 
unless the throw is to be different from that assumed in the 
table. 

Tastes XXITA and XXIIB. Contain the recommended 
standards of the American Railway Engineering Association 
for frogs and split switches. Offsets are given for locating 
the lead curves. 

TaBLE XXIII. Contains the squares, cubes, square 
roots, cube roots, and reciprocals of numbers from 1 to 1054. 
Its use may be greatly extended by observing that, if any 
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number is multiplied by n, its square is multiplied by n2, its 
cube by n?, and its reciprocal by 1/n. 

Taste XXIV. The logarithm of a number consists of two 
parts, a whole number called the characteristic, and a decimal 
called the mantissa. All numbers which consist of the same 
figures standing in the same order have the same mantissa, 
regardless of the position of the decimal point in the number, 
or of the number of ciphers which precede or follow the sig- 
nificant figures of the number. The value of the characteris- 
tic depends entirely on the position of the decimal point in 
the number. — It is always one less than the number of figures 
in the number to the left of the decimal point. The value is 
therefore diminished by one every time the decimal point of 
the number is removed one place to the left, and vice versa. 
Thus 


Number Logarithm 
13840. 4.141136 
1384.0 3.141136 
138.40 2.141136 
13.84 1.141136 
1.384 0.141136 
0.1384 —1.141136 
0.01384 —2.141136 
0.001384 —3.141136 

etc. etc. 


The mantissa is always positive even when the character- 
istic is negative. We may avoid the use of a negative charac- 
teristic by arbitrarily adding 10, which may be neglected at 
the close of the calculation. By this rule we have 


Number ; Logarithm 
1.384 0.141136 
0.1384 9.141136 
0.01384 8.141136 
0.001384 7.141136 
ete. etc. 


No confusion need arise from this method in finding a num- 
ber from its logarithm; for, although the logarithm 6.141136 
represents either the number 1,384,000 or the decimal 
0.0001384, yet these are so diverse in their values that we 
can never be uncertain in a given problem which to adopt. 
Table XXIV contains the [mantissas of logarithms, car- 
ried to six places of decimals, for numbers between 1 and 9999, 
inclusive. The first three figures of a number are given in 
the first column, the fourth at the top of the other columns. 
The first two figures of the mantissa are given only in the. 
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second column, but these are understood to apply to the re- 
maining four figures in either column following, which are 
comprised between the same horizontal lines with the two. 

If a number (after the ciphers are cut off at either end) 
consists of not more than four figures, the mantissa may be 
taken direct from the table; but by interpolation the log- 
arithm of a number having sjx figures may be obtained. The 
last column contains the average difference of consecutive 
logarithms on the same line, but for a given case the difference 
needs to be verified by actual subtraction, at least so far as 
the last figure is concerned. The lower part of the page con- 
tains a complete list of differences, with their multiples di- 
vided by 10. 

To find the logarithm of a number having six figures. 
Take out the mantissa for the four superior places directly 
from the table, and find the difference between this mantissa 
and the next greater in the table. Add to the mantissa taken 
out the quantity found in the table of proportional parts, 
opposite the difference, and in the column headed by the 
fifth figure of the number; also add one tenth the quantity 
in the column headed by the sixth figure. The sum is the 
mantissa required, to which must be prefixed a decimal point 
and the proper characteristic. 

Example. Find the log of 23.4275. 


For 2342 mantissa is 369587 
For diff. 185 col. 7 129.5 


For diff. 185 col. 5 9.2 


Ans. For 23.4275 log is 1.369726 


The decimals of the corrections are added together to de- 
termine the nearest value of the sixth figure of the mantissa. 

To find the number corresponding to a given logarithm. 
If the given mantissa is not in the table, find the one next 
less, and take out the four figures corresponding to it; divide 
the difference between the two mantissas by the tabular dif- 
ference in that part of the table, and annex the figures of the 
quotient to the four figures already taken out. Finally, place 
the decimal point according to the rule for characteristics, 
prefixing or annexing ciphers if necessary. The division re- 
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quired is facilitated by the table of proportional parts, which 
furnishes by inspection the figures of the quotient. 

Example. Find the number of which the logarithm is 
8.263927. 


8.263927 
First 4 figures 1836 from 263873 
Diff. 54.0 
Tabular diff. = 236 .. 5th fig. = 2 47.2 
6.80 
6th fig. = 3 7.08 


| 


Ans. No. = 0.0183623 or 183,623,000. 


The number derived from a six-place logarithm is not re- 
liable beyond the sixth figure. 

At the end of Table XXIV is a small table of logarithms 
of numbers 1 to 100, with the characteristic prefixed, for easy 
reference when the given number does not exceed two digits. 
But the same mantissas may be found in the larger table. 

TaBLE XXY. The logarithmic sine, tangent, etc., of an 
arc is the logarithm of the natural sine, tangent, etc., of the 
same arc, but with 10 added to the characteristic to avoid 
negatives. This table gives log sines, tangents, cosines, and 
cotangents for every minute of the quadrant. With the 
number of degrees at the left side of the page are to be read 
the minutes in the left-hand column; with the degrees on the 
right-hand side are to be read the minutes in the right-hand 
column. When the degrees appear at the top of the page, 
the top headings must be observed; when at the bottom those 
at the bottom. Since the values found for arcs in the first 
quadrant are duplicated in the second, the degrees are given 
from 0° to 180°. The differences in the logarithms due to a 
change of 1” in the arc are given in adjoining columns. 

To find the log sin, cos, tan, or cot of a given arc. Take 
out from the proper column of the table the logarithm corre- 
sponding to the given number of degrees and minutes. If 
there be any seconds, multiply them by the adjoining tabu- 
lar difference, and apply their product as a correction to the 
logarithm already taken out. The correction is to be added 
if the logarithms of the table are increasing with the angle or 
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subtracted if they are decreasing as the angle increases. In 

the first quadrant the log sines and tangents increase, and 

the log cosines and cotangents decrease as the angle increases. 
Example 1. Find the log sin of 9° 28’ 20’. 


Log sin of 9° 28’ is 9.216097 
Add correction 20 X 12.62 252 
x he ee 

Ans. 9.216349 


Example 2. Find the log cot of 9° 28’ 20”. 


Log cotan of 9° 28’ is’ 10.777948 
Subtract correction 20 X 12.97 259 


Ans. 10.777689 


To find the angle or arc corresponding to a given logarithmic 
sine, tangent, cosine, or cotangent. If the given logarithm is 
found in the proper column, take out the degrees and minutes 
directly. If not, find the two consecutive logarithms between 
which the given logarithm would fall, and adopt that one 
which corresponds to the least number of minutes, which 
minutes take out with the degrees, and divide the difference 
between this logarithm and the given one by the adjoining 
tabular difference for a quotient, which will be the required 
number of seconds. 

With logarithms to six places of decimals the quotient is 
not reliable beyond the tenth of a second. 

Example 1. 9.383731 is the log tan of what angle? 


Next less 9.383682 gives 13° 36’ 
Diff. 49.00 + 9.20 = 05.3 


Ans. 13°36’ 05.3 
Example 2. 9.249348 is the log cos of what angle? 
Next greater 583 gives 79° 46’ 


Diff. 235: 11.67 = 20”7.1 


Ans. 79° 46’ 20/1 
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These rules do not apply to the first two pages of this table 
(except for the column headed cosine at the top), because 
here the differences vary so rapidly that interpolation made 
by them in the usual way will not give exact results. 

On the first two pages, the first column contains the number 
of seconds for every minute from 1’ to 2°; the minutes are 
given in the second, the log sin in the third, and in the fourth 
are the last three figures of a logarithm which is the difference 
between the log sin and the logarithm of the number of sec- 
onds in the first column. The first three figures and the 
characteristic of this logarithm are placed, once for all, at 
the head of the column. 


To find the log sin of an arc less than 2° given to seconds. 
Reduce the given arc to seconds, take the logarithm of the 
number of seconds from the table of logarithms, and add to 
this the logarithm from the fourth column opposite the same 
number of seconds. The sum is the log sin required. 

The logarithm in the fourth column may need a slight in- 
terpolation of the last figure, to make it correspond closely 
to the given number of seconds. : 

Example 1. Fine the log sin of 1° 39’ 14’”.4. 


1°39’ 14.4 = 5954’”.4 log 3.774838 
add (q—l) 4.685515 


Ans. log sin 8.460353 


Log tangents of small arcs are found in the same way, 
only the last four figures of (¢—l) being taken from the fifth 
column. 

Example 2. Find the log tan of 0° 52’ 35’. 


52’ 35” = (8120 +35”) = 3155” log 3.498999 
add (q¢—l) 4.685609 


Ans. log tan 8.184608 


To find the log cotangent of an angle less than 2° given 
to seconds. Take from the column headed (qg+/) the log- 
arithm corresponding to the given angle, interpolating for 
the last figure if necessary, and from this subtract the loga- 
rithm of the number of seconds in the given angle. 
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Example 1. Find the log cotan of 1° 44’ 22’”.5. 


q+ 15.314292 
6240” + 22’.5 = 6262.5 log 3.796748 


Ans. 11.517544 


These two pages may be ised in the same way when the 
given angle lies between 88° and 92°, or between 178° and 
180°; but, if the number of degrees be found at the bottom 
of the page, the title of each column will be found there also; 
and if the number of degrees be found on the right-hand side 
of the page, the number of minutes must be found in the 
right-hand column, and, since here the minutes increase up- 
ward, the number of seconds on the same line in the first 
column must be diminished by the odd seconds in the given 
angle to obtain the number whose logarithm is to be used 
with (q+l) taken from the table. 

Example 2. Find the log cos of 88° 41’ 12’”.5. 


(q—l) 4.685537 
4740” —12’".5 = 4727.5 log 3.674631 


Ans. 8.360168 


Example 3. Find the log tan of 90° 30’ 50”. 


g+l 15.314413 
1800"+50” = 1850” log 3.267172 


Ans. 12.047241 


To find the arc corresponding to a given log sin, cos, tan, 
or cotan which falls within the limits of the first two pages of 
Table XXV. Find in the proper column two consecutive 
logarithms between which the given logarithm falls. If the 
title of the given function is found at the top of that column, 
read the degrees from the top of the page; if at the bottom, 
read from the bottom. 

Find the value of (g—J) or (q+), as the case may require, 
corresponding to the given log (interpolating for the last figure 
if necessary). Then, if g = given log and / = log of number 
of seconds n in the required arc, we have at once 1 = q— 
(q—D or l = (q+l)—q, whence n is easily found. 
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Find in the first column two consectuive quantities between 
which the number v falls, and, if the degrees are read from 
the left-hand side of the page, adopt the less, take out the 
minutes from the second column, and take for the seconds 
the difference between the quantity adopted and the number 
n. But, if the degrees are read from the right-hand side of 
the page, adopt the greater quantity, take out the minutes 
on the same line from the right-hand column, and for the 
seconds take the difference between the number adopted and 
the number n. 

Example 1. 11.734268 is the log cot of what arc? 


q+l 15.314376 
q 11.734268 
oon 3802.8 3.580108 


“Ps: 1° adopt 3780. giving 03’ 





Difference 22/8 
Ans. 1° 03722!"8 or 178° 56 37/2. 
Example 2. 8.201795 is the log cos of what arc? 


q—l 4.685556 
q 8.201795 
saga 3282''.8 3.516239 
ae 89’ adopt 3300. _ giving 05’ 
Difference  17"2 


Ans. 89° 05’ 17.2 or 90° 54’ 42.8, 


TasLte XXVI. Contains logarithmic versed sines and 
external secants for every minute of the quadrant, with the 
differences of the same corresponding to a change of 1 second 
in the arc or angle. Interpolation for seconds is made in 
the same manner as with log sines of the preceding table, ex- 
cept on the first two pages. For angles less than 4° the dif- 
ferences vary so rapidly that interpolation by direct propor- 
tion will not give exact values. 

On the first two pages the column headed g—2I contains 
the difference between the log versed sine (or log ex secant)’ 


412 FIELD ENGINEERING 


of an are and twice the logarithm of the number of seconds 
in the same are. ‘The characteristic, and first. three decimals 
(9.070) are common to all the logarithms in these columns 
up to 3°19’ for log vers sines, where it changes to (9.069), 
as shown at the foot of the column; and up to 4° for log ex 
secants, where it changes to (9.071). At the point of change 
a cipher is replaced by the mark * to call attention. 

To find the log vers sin, or log ex sec of an angle given to 
seconds, Reduce the angle to seconds, take the logarithm 
of this number, multiply it by 2, and add the product to the 
logarithm in the column (q¢—2/) found opposite the given 
angle. The log (¢—2l) should be corrected by interpolation 
for the fractional part of a minute in the given angle. 

Example. What is the log ex secant of 2° 14’ 43””.7? 


2° 14’ 43’.7 = 8040’ +43.7 = 8083.7 log 3.907610 
2 


21 7.815220 
(q—2l) 9.070398 


Ans. . q 6.885618 


To find the arc corresponding to a given log vers, or log 
ex sec. Find in the column of log vers, or log ex sec the two 
values between which the given log falls, and take out from 
the column (q¢—2I) the logarithm corresponding to the given 
log (interpolating for the value of the last figure if necessary). 
Subtract this from the given logarithm and divide by 2. The 
quotient is the logarithm of the number of seconds in the 
required arc. 

Example. 7.344728 is the log vers of what arc? 


q 7.344728 

3° 48/4 (¢q—21) 9.069960 
2)8 .274768 

13720’’.9 ale 41 a7384 


13680. 


Ans. 3° 48’ 40'".9 
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To find the log ex sec of an arc greater than 88° given to 
seconds. Take from the column (q+) the logarithm corre- 
sponding to the given arc, interpolating for the fraction of a 
minute. From this subtract the logarithm of the number of 
seconds in the complement of the given arc. 

Example. What is the log ex sec of 88° 24’ 20.5? 


For 88° 24’ qgt+l 15.302183 
20. 
Correction 129x7— = 44 


q+ 15.302227 
Comp: 88° 24’ 20.5 = 5739.5 log 3.758874 


Ans. log ex sec 11.543353 


To find the angle corresponding to a given log ex sec when 
the angle is greater than 88°. Find in the table the two 
consecutive log ex secants between which the given one falls, 
then find by interpolation the value of the log (¢+/) corre- 
sponding to the given log ex sec, and subtract the latter from 
it. The difference will be the logarithm of the number of 
seconds in the complement of the required angle, which is then 
easily found. 

Example. 11.924368 is the log ex sec of what arc? 


Given log ex see 11.924368 
Next less 11,918290 q+ 15.309225 


Diff. 6078 
Correction = 93852—9225 


eae PANES 71 
29141 — 18290 rs 


qt 15.309296 
Given log ex sec 11.924368 
0° 40’ 26/.2 = 2426.2 “. log 3.384928 
Ans. 89° 19’ 33’.8. 


Taste XXVII. Contains natural sines and cosines, to 
seven places of decimals for every minute of the quadrant. 
Corrections for fractions of a minute are made directly pro- 
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portional to the difference of consecutive values in the table: 
positive for sines, negative for cosines. 

Taste XXVIII. Contains natural tangents and cotan- 
gents to seven places of decimals for every minute of the 
quadrant. Corrections for fractions of a minute are made 
directly proportional to the difference of consecutive values 
in the table: positive for tangents, negative for cotangents. 

Tastes XXIX and IXA. Contain natural versed 
sines, external secants, secants, and cosecants to seven places 
of decimals for every minute of the quadrant. Corrections 
for fractions of a minute are made directly proportional to 
the difference of consecutive values. 

TaBLe XXX. Contains the number of cubic yards con- 
tained in prismoids of various side slopes, bases, and depths, 
as indicated by the title and the numbers in the first column. 
Each prismoid is supposed to have a uniform level cross 
section throughout. These tables are chiefly useful in making 
up preliminary estimates from the profile, or in other cases 
where only approximate results are required. For monthly 
and final estimates more elaborate tables are required, such 
as are described in §§ 288-291 of the text. 

To make an approximate estimate of quantities from a profile 
by use of Table XXX. Select the proper column for base 
and slopes, and, if the outline of a cut on the profile is roughly 
a four-sided figure, stretch a fine silk thread over the surface 
line to average it, note the depth from thread to grade line 
midway of the cutting, and multiply the tabular number 
opposite this depth by the average length of the cutting in 
stations of 100 ft. (By average length is meant the half sum 
of the length of the grade line in the cutting and of so much 
of the surface line as is covered by the thread.) If the area 
of a cutting as seen on the profile is approximately triangular, 
stretch an averaging line over each incline, note the depth 
from the intersection of these lines to grade, and multiply 
the tabular number opposite this depth by one-half the length 
of the cut measured on the grade line in stations. The re- 
sulting quantities will be slightly in excess if the ground is 
level transversely, but may be too small if the transverse 
slope is steep, and cutting on the center line is small. In 
general, they furnish a good approximation. Quantities in 
embankments may, of course, be found similarly. A cut or 
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fill may be divided on the profile into several portions and the 
contents of each portion found separately if preferred. 

The content of a prismoid, level transversely, but having 
different end depths, may be found correctly by this table 
thus: Add together the quantities opposite each end depth 
and four times the quantity opposite the half sum of the 
depths, multiply the sum by the length in feet, and divide 
by 600. 

Taste XXXI. The volume of a triangular prism is equal 
to the product of the area of the base and the altitude. This, 
in cubic yards, for a length of 50 ft, is expressed by the for- 
mula, S = (50/54)ba, where b and a are the base and altitude 
of the triangular section. Any end area of a section of earth- 
work, whether three-level or irregular, may be divided into a 
number of triangles, and the total volume of the solid between 
the sections may be considered as composed of prisms with 
these triangles as bases. The mean area volume of a solid 
for 100 ft in length will be the sum of the two 50-ft volumes. 
An example will illustrate the use of the table. 

Example. Given the following notes: 


16.0 11.8 
Sta. 28 740 42.4 412 
19.0 13.6 


Base 20 ft, slope 14 to 1. 

Two methods might be used for the work. First, where 
the section is divided into four triangles, and, second, where 
the area is composed of two triangles less a third triangle 
which is formed by prolonging the side slope lines to their 
intersection. The former method will be used. 

The volume for station 27 for length 50 ft is 


50 50 
= ! : —(6.0+2.4)(10 
Sycou es 0+13.6) +8 0+2.4) (10) 


Opposite height 3.0 under 3 take 10X 8.333 = 83.330 
2 1X 5.556 5.556 
6 zo X16.667 = 1.667 
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Also 
nae pees height 8.4 under 1 take 10X 7.778 = 77.780 
Total volume for length 50 ft = 168.333 
ea ie the volume for station 28 for length 50 ft is 


2. 4)(16. 0+11.8) +254 0+1.2)(10) = 109.927 


The work may be santa shortened by not strictly ob- 
serving the terms “height” and ‘“‘width,’’ since (50/54) (32.6)(3.0) 
is the same in value as the expression given previously for 
station 27. This is obtained by entering the table once, con- 
sidering 32.6 as the height, and 3.0 as the width. 

The mean area volume will then be 


168.3383-+109.927 = 278.26, or 278.3 cu yd 


The prismoidal correction may be applied to this result, 
thus giving the prismoidal volume. The explanation of the 
method of finding this correction is given below. 

Taste XXXII. This table gives the correction to be 
applied to the mean area volume to give the prismoidal 
volume. ‘The table is based on the formula, 


= —(d—d’)(D—D’ 
C= 39 a ) ) 
where d and d’ are the center heights, and D and D’ the dis- 
tances between slope stakes at two adjacent stations. 
If the same data as given under the explanation of Table 
XXX is used, the value of the correction is 


C= 55480- 2.4)(32.6 —27.8) = n°. 6) (4.8) 


From Table XXXII find 
Opposite D—D’, 4.8 under 6 take 745 X8.889 = 0.9 


The mean area volume from the same example was 278.3 
cu yd. The prismoidal volume will then be 278.3—0.9 = 
277.4. 

The volume for any other distance between sections may 
be found by taking the proper percentage of the volume for 
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100 ft distance, the multiplication being made after the appli- 
cation of the prismoidal correction. 

Taste XXXIII. Contains the recommendations of the 
American Railway Engineering Association on minimum 
lengths of spirals for various speeds and degrees of curve. 

Taste XXXIV. This table exhibits the features of the 
original spiral from which others may be derived. The de- 
gree of curve is assumed to vary with each chord, and from 
this the central spiral angle up to any point is easily derived, 
and also the inclination of any chord to the main tangent 
drawn through S as meridian. 

The coordinates, « and y of any spiral point, referred to S 
as an origin, are obtained by summation of departures and 
latitudes of the intervening chords. These are given with 
great precision, so that their continuous summation may not 
lead to any error in the final result. 

Finally, the deflection angle from the tangent at S to any 
spiral point is found by dividing x by y for that point, giving 
the tangent for the deflection. All these results are tabulated, 
as also the radius corresponding to the degree of curve, the 
chord length being 100 ft, as with an ordinary circular curve. 
These deflections remain the same for any spiral whatever. 
The variation is made in the length of the chord, and the 
values of z, y, and Rs vary directly with the chord length. 
The value of D, is derived from Rs. This table is made the 
basis of the tables which follow. 

Tapue XXXV. This gives the list of deflections to each 
of the spiral points, not only from S (as in the preceding table), 
but also from each one of the 20 other spiral points in the 
system. 

Tapte XXXVI. This gives a series of spirals of assumed 
chord length from 10 to 50, with the corresponding values of 
Ds, y, and z. In any case only so many chords will be used 
as will lead up to (and not beyond) the selected degree of 
curve which is to follow the spiral. The terminal point L of 
any spiral indicates the values of x and y to be used in con- 
nection with it. 

Taste XXXVII. This table gives certain trigonometric 
functions of the spiral angle s for convenient reference in 
using spiral formulas. 

Tapie XXXVIII. This table, as a companion to XXXVI, 
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gives the spiral tangents and long chord for the same set of 
spirals and also the coordinates p and g from S. Read the 
note at the head of the table. 

TaBLE XXXIX. Gives a selection of circular curves, 
varying in degree from 1° 40’ to 35°, suitable spirals to be used 
with each, and also the coordinates p and q from S of the 
point A’ where the particular curve would meet a parallel 
tangent. Generally there Ys considerable choice in the length 
of spiral. 

Taste XL. Exhibits a series of special cases where it is 
required to replace an existing simple curve by another with 
spirals so chosen that the length of the track shall not be 
sensibly altered. The middle offset h is given; also xz, and 
the distance d = AS, from old P.C. to P.S., and the new de- 
gree of curve D’. 

The series embraces curves of 2°, 4°, 8°, and 16°, and cen- 
tral angles from 10° to 80°, inclusive, and will be found very 
useful in solving problems of this sort. 

Taste XLI. Contains concise statements of such geo- 
metrical truths as are applicable to the various discussions in 
this volume. References are given to Davies’ “Geometry,” 
in which the demonstrations of the propositions may be found. 

Taste XLII. Contains all the formulas necessary to the 
solution of any plane triangle; also, a select list of miscella- 
neous formulas. A few formulas with respect to the versed 
sine and external secant are new. 

Taste XLIII. Contains a list of the more important 
formulas derived in the text. A large number of special for- 
mulas on simple curves are given, for which no derivations 
are included. The notation is the same as that used in the 
text. 

TaBLE XLIV. Contains a variety of useful numbers and 
formulas. The logarithms are here given to seven places of 
decimals. 

TasBLe XLV. Deflections for the ten-chord spiral. Transit 
at S. These deflections are computed by equation 264, the 
coordinates of the several points being used, and are rigidly 
correct. They are independent of the length of spiral but 
depend on the spiral angle S. When the required value of 
S is not found in this table, interpolation may be made. The 
first deflection is always S divided by 300. 
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Taste XLVI. Coefficients for deflections from local tan- 
gent at any point. At whatever chord point the transit is 
set, the vernier reads zero on the local tangent through that 
point. For any other chord point multiply the first deflec- 
tion 7% (Table XLV) by the coefficients (Table XLVI) found 
in the column of the same number as the transit point. 
When the product is for a point more than five points from 
the transit, it is subject to a small correction found in Table 
XLVII. This correction is on the line of the spiral angle S 
and in the column of the point observed, counting from the 
transit as zero. The correction is minus for sights made 
toward ZL and plus fcr sights made toward S. 

By the use of the tenth column a series of deflections are 
obtained which, after correction, serve to locate the spiral 
from L to the tangent at S. This method is more convenient 
than that given in § 249. 

Example 1. Given a spiral of 360 ft connecting with a 20° 
curve, to find the deflections from the common tangent at L’. 

By equation 257, S = 36’, 71 = 7.2’, c = 36 ft. 

Multiply 2 by coefficients in last column of Table XLVI for 
these deflections, the first five of which, being small, need no 
correction. The last five products and their corrections (from 
Table XLVII) and the required deflections are as follows: 


Point Product Correction Deflection 
4 17° 16.8’ + 00.1’ 17° 16.9’ 
3 19 19.2 + 00.3 19 19.5 
2 21°'07;2 = (00.6 21 07.8 
1 22 40.8 + 01.2 22 42.0 
Ss’ 24 00.0 + 02.3 24 02.3 


Note that point 4 is the sixth sight from L’; hence, the 
correction is found in column 6, line of 36°. The others 
follow. 

Example 2. The same spiral with transit at point 8. 

There is no correction prior to point 2, which is the sixth 
from the transit. 


Point Product Correction Deflection 
2 12°57.6’ + 00.1’ 12°57 
1 14 16.8 + 00.3 1417.1" 
Ss’ 15 21.6 + 00.6 15° 22.2 


Example 3. The same spiral with transit at point 3. 
Find coefficients in column 3, Table XLVI. Here point L 
is the seventh from the transit, and looking toward L; hence, 
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the correction is minus 00.3. The others, after point 9, need 
no correction. 


Point Product Correction Deflection 
L 13° 26.4’ — 00.3’ 13° 26; 1’ 
9 10 48.0 — 00.1 10 47.9 


Taste XLVII. Corrections in minutes for the larger 
deflections. Equation 261 is convenient for computing a de- 
flection 7, but since it is an approximate formula, the result is 
subject to a small correction when it exceeds 5’, or when the 
point observed is more than five chord points from the transit. 
Corrections are given to two decimal places, but only the first 
decimal usually need be quoted. The application of these 
corrections has been explained in connection with Table 
XLVI. Observe that in Table XLVI the columns are num- 
bered from the tangent point S, but in Table XLVII they 
are numbered from the position of the transit. 

Taste XLVIII. Spiral parts for given degrees of curve. 
This table presents a list of 20 curves, between 1° and 20°, 
inclusive, combined with 16 to 28 spirals for each curve, giv- 
ing for each length of spiral, the spiral angle S, the final co- 
ordinates X and Y, the long chord C, and also the coordi- 
nates p and qg of A’ on the circular curve. When a selection 
of curve and spiral can be made from this table, these quanti- 
ties can be taken out at once. 

Taste XLIX. Coefficients of L for spiral parts for given 
values of S. Spirals having the same central angle S are 
similar, whatever be their length, and so their parts are pro- 
portional to their length. Either part divided by the length 
gives a coefficient for finding that part in terms of L when S 
is given. By equation 257, L = 2008/D. If S is not given 
exactly in the table the required coefficient may be found by 
interpolation. 

The coordinates p and g, being functions of both spiral and 
curve, require two coefficients to express their value, as shown 
in the table. But, if X and Y are already known, it will be 
more convenient to find p and g by equation 268. 

Taste L. Contains the radius of curve according to the 
arc definition for curves varying by 10’ from 0°30’ up to 
120°0’. Also the deflection for 1 ft of arc, together with 
the deflections for two other lengths of arcs, the particular 
ones chosen depending on the sharpness of the curve. The 
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deflection for the 100-ft arc is not given since it is one-half D. 
The chord lengths are also given for 100-ft arcs and for two 
other shorter arcs. The length of arc which is recommended is 
one where the arc and its chord do not differ materially from 
each other. By an inspection of the table it would seem that 
100-ft ares might be used for curves up to 7°; 50-ft arcs up to 
18°; 25-ft arcs up to 32°; and then 10-ft arcs upward. 

For the sake of completeness, the theory of the table is 
based on the following: 

In highway work, the degree of curve is the central angle 
subtended by an arc of 100 ft. And, second, the length of 
curve is measured along the arc instead of along chords as in 
railroad work. 

Let D = the degree of curve and R = the radius. Then a 
simple curve is a part of a whole circle, and we have the pro- 
portion, 

D:360° ::100:27R 





or 
es 100(360°) 5729.58 
RS ae eS ae 
and 
5729.58 
a D 


In other words, the radius varies inversely with the degree 
of curve. 

Taste LI. Contains material similar to that in Table L, 
but for curves with radii given in feet. Many highway com- 
missions use only an even foot radius curve and do not use 
the term “degree of curve.’ The recommended length of 
are with its accompanying chord may be found by inspection 
of the table. 

Taste LIT. This table is the reverse of Table XXA. It is 
based on the following: Let a° = the central angle (in de- 
grees) of an arc whose radius and length are R and J, respec- 
tively. 

Then, 

__ 57.29577951 
siraras rg: 


° 
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If a’ = the central angle in minutes, 


_ 60(57.2957795)1 _ 
———= 


, 


Kl 


Certain values of the radius are assumed as shown in the 
table, and the corresponding values of K are found. 

Example. To find the central angle for an arc of 75 ft on 
a curve of 150-ft radius. 

From the table, the coefficient K for a curve with radius 150 
ft is 22.9183118. The central angle in minutes for a 75-ft 
arc will be 75(22.9183118) = 1718.873385’ = 28° 38’ 52’’.4. 

Check. ‘The coefficient for angle 28° 38’ 52.4 is found 
from Table XXA. 

For 28° 0.4886922 
38’ 0.0110538 

52” 0.0002521 

0.4” 0.0000019 


Total 0.5000000 


and this multiplied by 150 gives the length of are as 75.00. 

Table 19 in “Highway Curves” by Howard Chapin Ives, 
one of the authors of this text, gives this coefficient with one 
less addition. 
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